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Ajjuojj^II (Jj^aal) CliUaii^ ^jc. l_j1j£ Aj1j£ J CjIaj C3 Cl±j£ J 4 Cli ^jc. Uj£ l_u£! <j! JJ! J l_a J' tlfe 
(jji (j-<ij 6 4-L.^.^ (jc. l£^& ajIj£ J ciji^j 4 Jj t Distributors cjJjj-<J(j 4 Substations 

AjjaiLoiV! JJ^aUxJ) ^.IS (J a\\ q C* AjIj^]) s-UjIj 4 Jj 4 Cl A }n~\ A Jj 'bJA (Jj V (J^J !ij ^jUl! L—LjC^> t AJlJ 



^jc. l_j1j£ Jj ciJjaj Jj 6 l_j1j£ J UU !>L^aa qJj J ^L^aj ixj ^1 a_J*J! ScLJ! J cIj^j a 

. Substations J J ^jSll c: j 



oU&l |jj& d^OJ^I 

(JaC. £JjuJJ jli L_u^]( (j>* .liAxl! tiJU^a 4 A_ujL]! <LuJ.lJ! <- > ^ ; Aj^aliJ! A_ijJ! A J S^XJ CjoLJ A In^l l_j1j^H IllA J 

IJ - Jet Ui - JjJI 5iiJI J] 4 Machine Design J Ju a^j <> J 4 c^VVi c> cJJ JJJI 

^)j^aix£j 4 Power System a^qjIv^ ^y^a\ Cc- (j>& ^ a_ij^£JI ciaVj)^ Jl ^0 ( 3 -gIxjj ^j]| l_u£ 1 ! (JJal! 

CljVj)*\ ^ CIjIc^jjJsj^ (jCajxj 3 4 c_j\j£il ICA A^Cib ill CjjJ! jA 1 CA j 6 Substations Ciit )-v\ xa ^a ^joUJj 

ciiWl iljjuji Ju A_g_aJ ^jcij 1 x>* lixi 4 Substation cijV^-^ a ^ a Jisu ^ J»j a_^_ 2 lj l>^ 



olxSUl isJ 

AJaal^J! 4 Ajj^jJI ^ cjIj£JI aJlS (jli c!jIjj£jj 1 ( ^ cjIj£ j 4 A T ij^£Ji a-jL^J( ^Jaj AjLLoj 

^ UjV 6 A_i^)*J! AJlIIU A^lj-o Jj dlijl! £-a ClsLiJiaj^axJi Jc. 

djlc-IJ Jj A*J A_x^a ^)JaJ (jlj 4 jjSJ Lua A^jj Jaj ^jl (jjj.Vlg x>n ^JaJUj 4 Ij ^ 

** 1 * *♦ 

. l Un^«vi j 

l^b 

CjLa 1 Jj ?f ,ai) (J jjujj ^nhl IqjjW'i 4 Jtsu Jh LJc. Ia3j qJj (jl Cls^j! jl! c_jj£J! aJjoiLuj J cUIjH jA c_j!j£J! 

ill Jjjujj # M AJ jC'Jj iSj jl 4 4 j JUj ji 4 (^a Vj Jail! ^1 



2013 JJ 
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Jj£) JIIa ^jJ C_fljuj!>Uj 6 4_iJ^il]) CIjV^aH J (JjjjJ itlujl (JjV j£jaJL <2kjj) (jV Ic- j3JLq 6 |^.lj 

. SjAl£]| 4jL-al^. AjujJU^JI A a1£j A_1J^^]I CljVVi ^tLuol ^ jLuj jtLalVi ^ ^ Alii *Lo^)9 4 Cjljiui ^)JUdC> 



^)£HIj C SjJj£JI ^JoLuUi ^a£j3j (j-° 6^1aC.|j C_jlj£JI I1& 4jL2k]j>& Ij^&LaJ (jjlll (_£j£jud ^tfalLkj 

La^ . a j i -Ixjoj JLUjj .^a (jjJjjua^l 4 ^jLuo]) (j}]^)xJI 4_JjJ ^j-c (JjojIs ^Ijj ,jqV^ *\\ 

. L_jIj£JI (Jjj^a3 £- Ixl^> Clix_^jj s-lc-^ . J.l Ljajl 



D^Uj £ LajuoI . J ^Il^Ljjj 6 L_<La3jJj C 6 <UjU I QJ-lX J^all ^HljlxJ C . jjgi^J L_j1j^]) t l^lklj 
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jij ^ ^ ^ (_£ji]| djV^^a ^i £^.^>a]| 



hito II 



djj^)jaix]| l^J A-uL^fLlI <£jjjjti . A qM l-w^j ^\_ ^l -s, -v 1^ A \ 1^ l*M ^ 0> ^\ \ <£jul]| ^JL-aljC' ^J^| /j ^*v -a\ 1 ^JlIxJ 

<aj)Via (J^Jj £_xjjI_ 4I jLaujVi I^A ^ 4_ud3ljj V ^fialUj t lLa$j^.a\\ (jA L_fl YV I ClljjjuaC. ^C* ^jl^J Ig i£J t djUj^JI ^Jj^a 
C1 Y^a]| <juj]jJ (J*_^j lL^j^aW A qjhjj (J£jujj ^ £-^ij]l (jl V] 4 U jU^\i j djY-jl£]l (_^jjoj <LjjL^£ 1I (jjjill 

.^-IjUj^JI l£J^ <aj)V^ ^x^aU c. (jjj 4 _iaAI jj£VI 4_jjIj^£]| 



^!>ii]| ^ua]| 4j.1xj (jl (jA ^ajuoJ Ia 6jjfH 4 A q llajj (Jj*s aII 4i-Jaj 4_jlc> lall^. J Iajj (jJjuJjl.l]l (jA (jl 4 SJ^lallj 

CIY^^aIIs Usu^, 1.1a ( X-l2all Jj 4 A f'\ AiUall ^j.'U^a ^A (Jj^ a] I (jl -j>>* 'll (jiaj 4 dlli jl I^A (Jj^ a] I (jA ^jIj 

. J\^\_^]J Aj^^II ^Haa]| 6 I ^jj, /\ nilj IdoG 4^j\j^^^SI Ail^l] (_jslj ^y k ^xlC' ^ I t ** < i 



0^55^4)1 ipjjb* 5Ju3 

(jj»i^.lj!Laj (jjix^aiixi (jjiLo (jjj Mutual Induction (J^I/iaII dj^JI s^AUa 1831 (_^i 4. Wxn^l (jA (JjI ^l^li (jl£ 

d^.1 ^ IjIac* (Electric Motive Force ) ajjL^^JI <xal.i]| Sjill (JjAAj ^lij 4 4 jxxnl*»UxA s^Ia (jA u^a L_ila ( ^ 5 lc« 

d^c-j d^.lj ^IdLl L_aLo (j-a a * \ksiA clY^-a 1882 ^Ic- (_^i s^a (JjV <dj^Ja ^ . ^^Yl c- aL2l ^^i jLn]l ^ >/ri (jjaLall 

. Ajjjljll >11 A all^Q ^J3 (> _ 5 1 c. (Jjj^aaJI (jia^u djliLa 



Jj^j ^ CjVj^JI ^ bVu rt V ajU > 1884 ^ magnetic core ^nkU» Jl t_J51l Cjli cIjVj^JI 
6(jjjaij£jjA .^jlj^lj (j^^ (jl^.'VI Djla^JI 6^_j ^ali (j-G (JjI (jl^J • 6< \j» J djlilx.nA] l^-iijj 6 4_l]lc. ^S^I-^-^l ^iUa]l 

■ ^ ^xll ^kVIj (J^l^ mII ^11 lAd^.1 (j;ii]-G (j AJ 4 <Jjjx^G ASS^jk ^jUx^I (jA ^1 xAA Ajls J x xl J (J^-A ^ Lili du^ 

.juii 



^xj Lua j^jIj ^ I 6^a (_^ic' (Transformer) J^-aII ^jI (^l^l (j-^ JjI (j^ c5^l Ia^xjj 

(j A (JjI ( (_^ ^ X H C-_LlSj^) ^JUJJ^)]| ^JlxSI (jl^ -^3 Ajj^ylj]! djVp^x aII 4 Hxnllj IaI . (_^jljj]| (^jlc- djVj)^x aII (Jjx^TjJ *6J^a 

.1889 ^ (/ (Pal Jj^ll ^1 
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Siobj^SJI OlSLiJI |J OV^-olI ^wljj) jLioiVI lid. lilt 

j Ja^Ja^JI y^~ cb^H jlll A a & iai^ ^Aj 4 AjjIj^^II dlV^-oll ^luLlu^/ I ju Vjl liilc- (Jl^xall l^A ^jC- AjI^^U 

(JjJatLa ^Jj Jiljlli (JjJaLld ^ja A j\x>C> Sjjx-aJ <Lu^£JI 6j^ll (JiLj ^JjaiiJj 4 42iUa]| ^ja (Jilai ^ Cj^j dj^ill£JI 

.*£**1^1 



j& .iiljil) ub 6 300 MVA Jj-q J£ cijUj>i 8 lg-j AiUaH aI^^a <j! (jja^ij <. ^lli ^u>» jil j 

1 £jjud]l ^Jx-aiLuj 4_ltaJI ^i9 6 t^l^L^JjaiVl (Jj^ali-a (_5^j t**J Aj^tj -liljlll A )a*\ a £ja A^Uall a2l& (JiLj 6 20 kV 

tills 23k A (_^jLol 3 — JajJaaJI ^ja Ja^. (_]£ ^1C- ^Llll 4 _aj 3 (jjSLlajj . \~ (_]£judll La£> 

: mxj& 



I 



PER LINE 



8x300xlQ 6 

3(V3x20xl0 3 ) 



= 23kA 




(jj-lJ (Jij A ^\ /ti ! 1 (J£juj 

£ £ O £ 

Uj! )j^_a i Ijjjij 400 j* (Jx>Vi ^ j b'\ x ti j 300 mm a * ^joiLaa!! (Jx^aj^ll <jl <.** \a\c- lili 

I^JA Jai. (J£ jllill Cy* ^ (Jill (_£j!jj]| ( ^lc« (jlixxaj-o ^JaLall (j-a (Jjl£ 60 (j-a L-JjflJ L5^] 

.a1£ju!a 1I (Ja. ^L^l] L_l^lj 4 ^a C- ^)1C. ^-llallj li&j 4 ^AiUall (j£ (Jill (Jjl£ 180) Aj^tlll JajJaaJI 

20/500 kV 6 ,^ >. Step up — s^joilixi a*j — util ULjal lijl iLja^a lili 4 

2-J^ll t^£ a£jx 2I ^ n^M (Jiill a£jxo ^11 
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a ^ a J ] — A^j^kll CjV j^a £^.^31 




C1iV^-a]| A^Lja) Jlxj A k \ juj I 2 — 

lak (Jk ^±z> a )a*s a\) {ja aJ^j L-jj)Uax>\l ^)Li3^ (jli 20 kV i^ja 500 kV (JjjLaj (JiL3l ^ ^ u^4 (jl 4 (jVl 

ihUJI ^ Lk 23 kA qa j^a J^l 900 ^jl^ SSaai JajiakJt 



' P£K LW£ 



8x300xlQ 6 

3(V3x500xl0 3 ) 



= 900 A 



.lak Jk Jjlk 60 lak Jk ^ laSS dL^hlk 3 Jj ^tiaJ U3 ^^axj )3&j 



c 

Cj^s&xJJ (5>^l blj-o 

j Ja^Iakll JjViaII ^)Ijl3I A_aj 2 (J^k A-iJ^kJI (_£j 3I A^o^jaLo CLi^j^aW (JjAjoiVIj ^JaaII (j! Jj£j (j! (jk-oJ 

: I^-Lq (_^>k( L|)a a2& uk]j 4 dj^yLlk]! 



kajj^kll ASUalt JjLj fUjt Sjjii^t SjjUl JjISj — 1 

(jj^J S.3 ja]I AiUall (Jflj (jkAJ kjl IjjJaja (JjjLaJ! JIaaII 4^)Ijl3I A_aj 2 (J^k ^-^JJAaII S)a31 CJ^ 6 -^J 

Jk ^9 0.001 12/km Igka lak Jk <ajIsa Aj!>Ia]I lajlakJI cillij 4 l&Ujki (_£,!3I St6p _ Up 31 CllV^a-A ^l.lkjjul 
^9 6 Jjak31 jla Jj*\ a\I JLa ^9 Aj| ^ku 1.^-9 4 100 km Jj (Jj^aj j£3l AiLaiA (jl Ljaj3j 4 phas6 

: aJ^IslaII li3a 476 MW (_£jLaJ Aj^ 13I lajlakJI 

P Loss = 3 x ( 3 x I 2 x r) = 3 X (3 X 23000 2 ) X (0.001 x 100)) = 476MW 

S^j^aI! ^Ax^aJ9 Jj^ a\I ^lAkjjoal ^aJ 13] 1 a nj 4 S.3ja]| A^Uall j)A %20 (JA L_Jjk ^ J33I lajlak ^9 U.^9 Ikai (_£ \ 

Akjju3l ^ lLi^j^aW ^al^ikLoal a_iaaI (^t-' (^ I*** j *1 MW ^ja (Jal (_^jLaj Aj^Ii 3! lajlakll ^ (Ji3l ^c. 

.***£11 
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> ^y\\ jajjgjt *bu£ ulalk ~2 

^JS> .Ifl-aJI jl ^a jIxaS 6 ^-aJl Ja jJ^JI A^oja (jlaik (JUI -la jl~>^ ^)JC> jlull A_*ja (jlaik ^ 5 ^ A_ijtjll SjAaII 

aIaJj Voltage drop Jl a_l* Ujjk* Sending Voltage Jl ^ ^jJj Receiving point Jj^jll Jai> 
^^a Ja^J^JI AjjoiI Cl Jllj U£ iaJI ^3 ^jUI ^)LJI llj l J^3 ^al (j-aj — R <JjlsJI A-AJ3 (JLoAU Jlij — (I . X ) Lulaljj 

. ^J| 



4-AJj^t jrl^Sg JaIII ja$]a^ A-il£j J-lSSj — 3 

^)Xjo 3 ^^3 (Jal A il£ J ^Ixj I.1Aj 4 (Jal Ia.IIC' Cj/JajA ^al-I^liJ ^A (JjiilJI ^)LJI Aaj 3 (j^oA. ^ic, <Llj3JI AliUI SjjJI 

. eJLx^ajJI oiA Ja^j ^j^VI ^Isk-J 4 Cj)L^ajJI 



^1 3 I g9jJ J 5 P& 4 I (^oii ^JLaj Jub 



jLJI ^iljJ J> ;J ^>QC n i Jj ^jaj 4 A_Jc. (JJJ .l^-JI AaJ 3 jl £flj AJjojLojVI Aja^A jlg_^. tlj£i (Jj^JI 

(JaIxa (jl (jla^iL j (%99 cJ>^ jjll fijlc- (Jj*\ Jl Sc.li£) aIa^a (Jj^ Jl ^3 LOSSeS _JI (jl lljJaja lilj 4 AIa ^jUI 

: (jl Ljj£j cs-^S 1*^-9 (COS 0=1 j 'bjSsl\ 



Power V in x lj n V ou t x I ou t 

(jl UUa ^)Ijj (_^l cJjlurja ^ ^ ^1 AJ C- (Jj^ajl (jl (jJcJI j)A Alla 100 KVA !>U llJ (jl£ li] All Jli ( ^lsu ci^ 

?kVA 100 (J^LoiJjuj Ijla l^jjjJa (Jj^aL^. 



dlxjJaj JjV I rated -H 4-Ai3 j 4 V RATED C*b'*^ \)\aC- LJ .Jala L^ial ^a!>l^]l 11 a ^-iSalL 

a^.^^hx^II cij^yL^aj-al! ^JaLd (jl ^ajtntn I^Aj 1 kA * 6 j-ia jtcj (Jj^a^jjuo L^lai tiljli 100 V Djia Primary Jl 

ljUc. llA (3fiaJ V Aj^lall! ^aAlLJli lilj 4 JjVhmx> lifcj jLllI I^A J-a^J ^C- c aLq -Ac-llj^a 

j' 

^u^Sjfdl SJu3 

4 (jjiiLi A_nil^. i _ 5 lc« (Iron Core) L_ila ^jc. SjLc. ja 3 — (J^ till ^a Jajaijl ^^a (Jj^^ll 

—^9 LT^ JjVI 
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Uilj ^ N P Turns d>liU! ^ ^ ^ c j J Su J <■ AilUi j Ax ^j J^u'I e_*U]| ^aj 4 (Primary winding) 
c N s Turns dAall! <> jsJ ^ uj% 5 6 Secondary Winding J) a_J] aSILII JL> 

. (J^j JajJa^. J!>U. 4 Uaj^lal Z- SjjoiUa ^jjSj (jl Cft A ) (J A ^ ^ ^ (JU^aJ^jj 




S^^x-a Jajudjl ^3 (J | 3 ” 



.windings d. >UUljj 4 Gore Ua l_uSjj (jj^UaVl cJj^ ^ cl^j 

n^M Ac>l u^i\l ^3 jUjLoj) dskjjj . adia. AjuajliUx^a IgJ Ajdada. i^ja ^ l^aj 3 (Gore) (JjVl Ul 

^jioj L$ia <JS jL UU . 4 -J^J' ^ US 4 Shell type J! ja j^Vt l_sjU)Mj 4 Core type Jl Ua 4 
^U^aj A^d fiLuo US 4 ( 3 - 0 ) Three phase J! cJ^j^a J 4 ( 1 - 0 ) Single phase J cl^j^a ^ ^vu n J 

.£J^}]! (j* JjVI ^ 



Laminated Sheets 



Laminated Sheets 




Coils 




(a) Single Phase Core Type (b) Single Phase Shell Type 

A_pU.V! cJ^j^aW ^ c_JkH ’ 4 _ JSJu 
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Ullc.^ (Jjj^jjI) 4 _ij^£> cii!>L^aj-Q (j>* ^-jx^aj L ^s windings _ 1 ) jAj 4 -ij^^J) cIjV^aSI jj^aixil LJ 

windings £>i& ^jj£jj c <c^n-° (Jl£jujU L_Jk]) c_aljj 4 a U vnn jLnl! sajuij L_baatiij ^JalLa cijli 

±±\j\\ winding _J ^ cjUil) j! Jj 4 core fj^A\ c> aJjJ)*_Aj 4 ill 1 g >>)» ) ^jc. AIj^LA 

(j-o $3^-^ C5^ 3Lu^aSJ Ajjudj^ ~*3 k l< L<^ 4 1 g > J £jC. 4_1jj3*--g ljuiaji (jj£j 



0^59-4)1 OUaJUu 

i" \\*\\,^"\ ^JJ 4_ljlj^^]) X>ll Jk Jd3J (j£-OJ J • GJJC' J J J ^ 4**n-v 6J^3U-Q ^ljj| CJ^J^aW 

llc-jJjuj CljLol^JjajVi (J^aSUJ fii&j . ^i^VwAf I (Jl^a L-bud^ 4. <jjn«oMI (JllLoH (Jjjjud ^lc- l^Ju 4 



! w"' . qV I JL^q l. ' ‘ ua. <. S-lL^ali]' 

• Power Tr. for Transmission networks, 

• Distribution Tr. For distribution networks, 

• Power supply, 

• Impedance matching, 

• Circuit isolation; 

• Rectifier, 

• Arc furnace. 



C-I^u) 10 (_4j o^laul _) ■ '~''' (jl a]' <_] 1 ^jlU 4 D JludJ L-iajI diV^^dl ulijb ^ ' Cjjlaijj 

A£^a^a 11 cLillfill _J ‘ Lajjj 4 (jlilaVl djb^au Ld 4 jl ^ynytl\ (J^j^ 

j.y > a V] 0^4 Jj ^ ^ a]' (j^Lois 4 djLab^JI djl^ic. j^i^jj V i *j ) d ' $ 4 t ' Ajij ■ ^ s^c. ^Jl 

. ,j>,a4. i^;i \^ll t " 't a j i W< 4 ^1 S A"' i ., 1 . jja'n CLillall 



(j£-aj ^1^1 LaAj) £_jjyi3!j) (_Jja]l Jaa3 JjVI (jJC._jjll 4 _ ? lc. jjSjplI (j^Sjxu t_llj^]l li* j 

; t^_Lo L^ajl 3 ^ ^^31 qj*u ^,3 U^l jlc.^1 ui La£ ' '.^'j Ic. jj (jl 



■ Phases 41 ^ u>i^ < ajt.^."dl 

• a. Single-phase 

• b. 3-phase Transformers 



Jj u4) 4L- 4a l 4 a /' . ^,"31 

•tx * ♦ ** 

• a. Self- air-cooled (dry type) 

• b. Air-blast-cooled (dry type) 
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• c. Liquid- immersed, self-cooled 

• d. Oil-immersed, combination self-cooled and air-blast 

• e. Oil-immersed, water-cooled 

• f. Oil-immersed, forced-oil-cooled 

• g. Oil-immersed, combination self-cooled and water-cooled 

. L_Jdl ^1 dilaUI ^ - - l0r - idlPj Aj^jL^JI i. t^.V I Aj S| ■ -to j «.ldlj Pj^jJI jl Aia^/Lo 

Ajjud L-Loia, L_ajlk^aj]l 



• Step-up, jLiil <_>^JI 

• Step-down, -^=41 o^aUJI Jj^ll 

: (Jaat-uull L_Laia. L-Sai^aall 

1 . Very low frequency Transformer “Power and Distribution Tr.” 

2 . High frequency Transformer 

3 . Intermitted frequency Transformer 

4 . Very High frequency Transformer, 

j» ■ jtLoj j c Ajjjjp^lyi Aj IomII jpL-a»a j -^^**'11 j i'y ')\ . S^_^| ^2 - , .,*< ljji.VI Aj 3>UI l^j^ 1 

. AjJlc. Permeability Aj^udalii-a ajpIAj ciL j pjp^JI ja Ailij£ - qa i j ^ ja ^i^aj jV 

Ajj^loil 1 " 'Vj^. Jl JliLaJI (Jjjjoi t AdLjal i " il aj'i . — ", cdliA jl jLaj AajUdl ■~'tt P^l^ll £-_jjll Jklp ^"i-v j 

^ Jl {ja l_uL. (J£ ajl£)UI djl&UI 3.. 1 -~*L ^ ^ 3 — phase Transformers Aa^VI 

.UL^ij Aii^b^ -~b l •' US ^J| Delta, Star, Zigzag, ^ ^ r - jj£j jl j£-ajs c 



Secondary Jl ejUL jU cJLSj . Shell Type J Core Type LI <■ Vn^.j J jl*j Core jdjPaJI i_Jsll jl L£ 
Uu^j t Multi output pildl ,n*ia psJj <_aL> jj£j J Single Output Voltage psJj JlL ji <_aL j^Sj jl jl*j 
- „u &pjpc. AjLuaij ci 'I q j ■ (JUa (jl Aj^LJJU . Tertiary Winding (_^jUI pjL j-o jp^I U-ajl cJUa 
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^ ^ j } — Ajj^^J! (_£j 21 ^a.^21 



JuJ^xl) Otla^o J^b OV^-o ^Ijlpu-w) OVl^-o 

< 3 ^ 1-19 c A_ 1 J^£J 1 (_£^21 A 2 aa*xa (J^lc <c^jlLg L_llj£Jl 12 b ^^9 A_juj 1 j 21 (_)^^ (.jA (_£j 21 CllVj )^ a aIa^JjujI (Jl^-Q 

(Jail) A< ^gic. (J^k21 (Jj 9 ^-aJl £9^1 C1 j12j-21j djjujIxq 4 L ^21 l" 21 2Ua AaJjoa ^Alia S^Atall l_jjc. .l2j21 A2xa*xi 

^ Jl ^ijjj 4 400 MVA _> ^xljll Jj^JI SjjS j^j AJh) cjV^ ^ j c Generator Step up TR _> Aijj^lj 
ciiL^aj 12 (_}a*j — A_2aLii^.l Ajujjj — ci u^ll <2j^a2 ciiLkjja^ ci2>Lij Cjj-o (Jj^ 21 12 aj (. 220 kV 20 kV 
J^utili jsLiyJI J& 5j£ y, 37 ^jiioi Ajjiai Set point Jl djI^JI ciijjUi IjU < Set point JjV Sjl>=JI 

. L£jjLa Jj| 



fj\ ^IjluVI AiL ^ 20 kV ^ ^ 32 MVA spL Jp^a ^aj Unit Auxiliary Tr J! 2 Ua <2 

.llljSll dJI^jJ Aj^alaJl C1 i1.1jux21 (JjxjujJ (jJa^iu 4 16 MVA La^La Jl2j JS Sj2i A_i9 (j4j£j>& (_£^221 jjjiia ^ 6*3 kV^l^a. 

.^j]j-a AjujIj Cjj-a jAj - ^ .21 12b cJ-axj ^21j 



^121 ^9 ^jjiLa aJj 4 ^jl^iuVl (_£-9 220 kV 50 MVA }j2L 3j ^ a ^aj 4 Start Up TR 21 ^aj 22lj <21 iaj 
j 4 s*i^j ^21 a£jc 2 U Sjjujlixi (Ju-aLLa 3^21 12 bj *^j 1 ^ A_ijLa 4 j Aij -0 .J^-J 6 6.3 kV > jj 25 MVA 1 aq \a .i^lj 3 ^ *^p 9 
. Start Up 21 aJL^. ^ jl 2j21 3 ^-^ aJL^. ^ a2o^ 2] A_ij^£il 3^2^ aja*j (Jjv^»^ll A_DLk jj-a jj£-aj 



^2j21 cAU^a ^ia*. djj^ 4 Black-out 21 c^VU ^ ^ill Emergency Tr i$Jj^\ Jj^a c2Uaj 

^j-a 6A^.1 j ^^9 *^2fcj-a ^a-X> x>i *4>^ UJ^ I2lc« ^)Ax^ax21 12& j 4 (Jjar-Call fijlc-V l.^Jg a) CljlliJj21 (J4 *jCl 2 ^jl jAx^a-2 

A^lVll ^I^Vl G > Liiluolj (_£^k'V 1 Ail£ (Jj«a9 SjjijjJa ^-a 4 A_-al*Jl A£jju 21 l^j9Ua (Jali (, 5 ^^ Aj^nj^l Cl}Ua^21 

a ^ 9 j .Start Up Tr 21 (J>^-^ (S^-^- Cy* 24 »_Cl 21 c-V l^J A_xij! 2 Jl AiUall (Jx^^nn ^^21 iSj^^ 1 cijUa^21 ^^9 

6*3 Jj Ajjai^jj 4 ^jakj-21 JjjJl Jj-21 j&j 11.5 KV ^liLl 40 MVA 

•^jl^a Ajjoij Cjj-a . 20 MVA \ <ag \a -l^lj (J £ 6J-19 (j^ii-a ^9 kV 



jt Distributors £jjj21 Substations djlk^ ^ ^a ^UVl ^hVn^li ^ 2 j 21 cAU^a ^JjL U 

LaLaJ A-jIClIx^ 1^2 ( ^lkl^]l l_u£j 21 1-<»1 l A gjhjll j ^LaJl ^9 (_^jjo j 1 ^ x>>» j ^jC- C V lar jx>^ ^I^jVI fi^A j . Cljlcjj -21 

•4l£ 



? Distribution Transformer _JI ^ 3 Power Transformer jv <j$j$ dUfe Ja> 

(Jj-^-® 1^1 ^ (J-xa2221 Sic. * 6 ^ 1 ^ 6^x2 (Jasu (jl j)£-ax21 (j-<»j ^ A_alla-xi cs^ (^g-^oLuiVI (3^1 

4 (J-al£Jl (J-xa21 (j-a % 60 (j-<» (J£l ua\ (Jl-^^-l Sic. (J-gaj j 4 'csjaIuia Aij^aJ (J-al£Jl (J-xa21 Sic. Sj^ll 

.j)£-aJ La (J 9 I ^jjj21 (_ 5 ^ (J-xa22Jl ^J9lLa (jj£l jjl ^J-aj^a21 Ale. ^ C -IjJ 1,2 
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^!J! L_i£jjlli tilli (_ ^jjoj Lua 4 La^ la j^ic. <Uj£ I aII j ^a 1 m j>j^\ Jj^d) U' <J (j> 

^)Jjl(j L_li£jjl) (j c. Clu^j) -li*i ^aJ (j-oj Q±XU.^ I ^j) ^)JJXJ J l ^ JJJ V ^15-0 I EG _1) djljj^al j . .l^Jj 

. J ^jjj ^JJC- ^3±Lajj ^yl£]li A-jLjj^all j Cljjjlilk'V I J 



djjj ciaV<)^k 4 ^jjjj CjV<)^ x> 500 kVA (j-a (Jal Sj^a cijli a\\ (j! yy*"' j ^jl V] 

J] ^jill CjVj^ c ^jj ^ 4 power transformers C5 -^ ^iy&\ l 1 ii^l l .^ja cjV^ c*lli 

! A n'q^ll oj^ll 4 ■ uti*s Clilc.j^'N a CS^u 



1. Small power transformers: 500 kVA to 7500 kVA 




2 . 



Medium power transformers: 7500 kVA to 100 MVA 
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3. Large power transformers: 100 MV A and above. 




(Jj^ A LSj^ cJj^ a lg-J .Ix^aiLj " cJj^- -*" A <oK (jl JL<uxjjojj t L_j\j£il l,Lb ^9j 



5 iuj^SUI GVVl Ul& 0^5^41 ^jJu lilt 

^^JIa jLj (Jj^j Ajajlaj ^ a£jVu jjc. ^ Aj^jjtLaaj A. II ^jc- SjLc. : (jl (Jj5j (Jj^xtll dilij^au .1^.1 

Spall djbj £-a ^ (Jai jl cilA^ Ajolpj ^p.1 ^jIa JJ A nar x> AjjI jk ji 

. "A^l g*u J (j^LI ^jl\ Ia.1i]jJ (j^LI (j-a AjjL^£il A^Uall (JaL ^Laljj 

Li ^ \ A_i]j Alkl.all Electric Machine a-i^^ a! T " ajL Aij^*j Liajl j 

. "(jL^akjll jl S^LjlL ^Ijjuj c <tvNa ^ j 4_La A-iJ^)^ 



^Ijjl (jA ^jj nar j (jl V] 4 l^x-ljjL c_ al£j^x>llj IajL Electric Machine ^Haj^a-o <jl ^A)j 

. A j t mj LUaLxijj^] I (jjjlp ^Aj 4 S*l^.lj L—ll^j^^ll (J^c. ^ Vi pill (jjjlpll (jV A-iJ^^il dlVVI 



Lujj dj\£j^x>\l (j! jA L-ul^. pa CL^j^aW piJj L-ul^. pa dsl^lj-dlj L—)l£j^*all pij (jjpllj 

cill ^jjaiaj I'Lfcj i (Jpjaj A j > mj LLx-xij^-^J I piilpl pj?* K^ cilli <_ gjjm LuSj 4 Ju<& V Aj£Loa A_ij^)^ Ail L-^j^aW 

aJjIc. Jj p^uL £_iA^JIi 4 Lij^£il ‘‘C^aLk Jjj^aa c5j^^ ajj^£ 1I djV^U Ujb liLJ 

. 6^.lj 
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J#-Ul 

a«ui «uui\ 

duUMuJ& LlSgjQ 1 ^$v^LuO l JLO-OJI 

Cj^I^^oJLJ (JuJLoaJl i 3^) JuOJiJl 

4^3^11 iuMill O^pJU : oJlill jLoiJl 
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JjUI .Ml 




4>kUJ ImLVI Mliill 1-1 

H H ♦♦ ^ 



. A JjaLllaljit a\\ ^C>|j3 \ (jl C1iV^-a]| (Jjj^alij ^9 (_)^3 ^jjai^J 

£ 

jAfcJoUatl jio t5 1-1-1 

4 qlVi^ll ^^Aj 6 ^ jk filial lx a] I JU x>l\ <ajalAJ MS^xJ La La (jl^a ^^9 ^ Magnet) (_£< 2 lc* (jM^Lix-a (jC« ^cJJJ 

( ^gJjWll L-Jaall ^Lujdll L_llaall i^ja ^yil JajJa^JI ^^Aj 6 ( FlUX lines) iajLi'S J L_ fl^)xJ La jg LiJ 

. 1 — 1 (J£judll Lo£ (jjjjlatixxi ^j-a LjJjalU JuJl^ S.2^}J UxjJaj 13] (_^>Jj lg-J (jl (j£-oJ J 6 * n Li llxxil] 



* 





^ ^n^Ux^l (JL^all I 1 — 1 L^ 



jLo J$JJ0 (jz (y *> UJI ^ucJaUxtl JU?4>I 2-1-1 

♦ ♦♦ 

^ ^jLilixxi]| LaL oj Ajjula ^ n.nLiUxxi (Jl^a ^ ^*n 4-jli tilLai ^oj ^)l_£j ^1 (j! diijl 

(J£judll La£ 6 ^ 1 aj] 1 JLiil 0lxul3 o^c>li c > u>^ i a w ^ (Jl^oll 13 a ^jjSjj 4 ^£Jilc. ^nLiUx^g (J>^- Luila 

^J-ilila C^jjjLj CllliLylc- Lo^J (jM^aUx-all j (jl ( ^ixJj 4 4 U ^\1~us^a ^Ja Ua (j-aj • 2 — 1 

. A^LolLqj 
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U^lLojI CS3 I clj i A v\v^ ]| ^jjjjJallat a! I ^Ja3 ^ja A^Ac, (Jjj^a^JI (Jj^JjoiaII ^ja AjI$ ^ k ALlSal 4x a (JL^q ^io (Jjj^aaJlj 

^jj£j <-** i CAAA\ ^3 M> (Jjo^j UiLJaj — ^joLllaljx^ (JL^q Aj^L^aJ idLuo ^3 ^Loll ^)l±ill ^jl ^Aj ~ A^jLoJI 4 iq yw\l 

^jujUI) (JL^-aI) (j-o (_£j3l £_ila]lj j&j c <_£j 3 ^^jaLiLUi-A (JLa^d Al c. Lilia (j-oj 4 tlimS CllUllI (J£ ^3 Ij^j-a jlu]| gI^jI 
(_£j3 ^juLilaljiL^ (Jl^o l ^ j. .13 (_£Aj.laJI L_iia]l ^ jjj) (J^a. Coil -II L_aL Cl < la. *\\ ^3 <-** v w j La IcAj . ^j_j£Ajoj jl cilLai ^j>a 

. (Jj^xill ^ ^CjAaJI L_Ja]| ^3 J^ia ^JaLa (Jj-aJ (_^ill 3“ 1 (J^juJ! ^3 La£ (_£Cj.laJI L-ilall ^3 (jjjjVI (j^UUj 




L-ilall (Ja.1^ ^JOLilaliiLA]| • 3-1 (J^j 
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MMF iL-tcJs U*4I 4ssljJI S^iiJI 3-1-1 

AjI lg_iA 6 jLjj jjj-g L - IIjuaJ ^U]( ^ joLilaljjt a! 1 )i& (JaC. Cjli!>lcj (jjjljij b^C* tilli JlxJ p LalxJI £jJaj 

jjSj Magneto Motive Force, MMF <*ib Sj3 \ &ru A N ajUI ^ UiL ^ I jbj j* bl 

t Ampere-Turn JL 



MMF = N.l 



. 4 1 J< 11 ‘ ^ ^3 Ia£ ^ cJflll ^3 bjb-v Sjlll o JAj 




4 Field Intensity, H sajuo ci±jl£ Ia 1 £ Sjjj-as Jajla^ MMF _JI 1 ^_j L AiLoiAll ci±jl£ Ia 1 £j 

^J^IslaIU cilb (jC- ^AsUj 

__ MMF NI 

H — = — 

/ / 

^a jIaII 6 I jboll sajuoj 4 Field Strength, H ^ ^nliUxAll (Jl^ a\I I.1& sa^ 4_aj 3 AiL/bdl (jjjbdl 

A * kJnj 4 L 4 _JjJa ^)Loia N djliill (j-o 



N.l = H.L 

^^ufcJaLatl JLp4»I3 jAJi ) I qu 4i&btJ) 4-1-1 

<jli (^idL 4 _jujILo^ >4 ^JaLa d^LoiA ^ic. blj 4 (Webber) Jl ^. a .^ (^) ^ ^ajdl 

4_bl*^dl i^ja c > um V i j ( Tesla ^ a .^ ) B ^ajdl <i\j£ 
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:*£AJi 

B= |j H 



H JUJ1 *A ^ t'o ^ A <a< P A_9lj^ A a ^3 



^gic. ^ii*j ^lijjij 4 ^ajal! 1 ^_j j-aj djIaII Permeability A-Laolalix a! 1 AjiUil) JaIsla j& |j 
4;rxlO“ 7 M>/ AT. m ^jluoJ l ^Jaj3 |Jq ^Ija £ W AjjiliiS 4 l^U. ^g, x ALllal lx a] I (JL^-aSI jj^yA S^IaII AjuIaa 

.A Ajqll ai& Jtlal AjlJjuo JJ Jo^aJ Jj-laJ) ^)^jl (J^asu Ajilaj l aIij 4 



^utJsLa^l giu£)l J3 j-1 4s3U-U 5-1-1 



A \g jt li^A A_^.Luja (> _ 5 -ic. (j^ij S^IaSI (J^ 6 



Reluctance -SU ^^.uj ^jj^aJ s^IaSI ajuIaa 



a£U 11 UJa 4 1 41>J 



<r 



/ 



M 



.a_ij^£1I jjIjJ! ^ <AjtaAll ^ a ^a ajUajj cilllj ^Aj 4 Permeability a j^nliUxAll AjilaiSI (JaIxa |j c* 



Aoj^ji (jiui^iui gA 4jiAin 6-i-i 

ojill Ajjaj MMF -SI A j^nJnUxAll Ajtil^SI 6jsSI (jl Ujjjc-I 13] Aj^nlnUxAljj A_iJ^£il AjUajSI I.1aa ^jajm (j£aj 

<J£ ^_g3 dj\3^Lx_l\ AjLujj !>tx3 ciSU& <jl .Whmj .<a jIIaS) Ajjaj AjuIaaSIj 4 Ajuaj ^pajallj 4 FMF A_iJ^£il Aa^I^SI 

cJl^-A 



mmf N.I 

"7 T 



_ em/ _ V 

~ R ~ R 



Magnetic 



Electric 



20 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






Induced Voltage (^gucJsLaU d*^Jb Jl^WI 7-1-1 

i^jjq ^ ala i^\ ^9 N CjUBI ^yi 4d ^J£J| Induced Voltaq© ^janialj*-dl a a ab * ^ 



E 

— — k0 m f 



where 

k is a constant, 

0 m is the maximum value of total flux in Webbers linking that turn and 
/ is the supply frequency in hertz. 



. L.^)Ia <> > U tilllj ^jujU]) j! 






o 



^Ull ^ c j J £j sinusoidal induced Voltage J! 3JU 



^rma 



2nfNaB p&ik 

V2 



A.AAfNaB 



a 

N 

f 

B 



C' n^k 

Gore Jl ^JaLa <^.Laui 
Cjlilll ^ 

^ <i\j£ 4_xu3 



c > nnVi lg_Laj 

E/W - 4.44B m A/ x ltr 6 

where 

E/N = volts per turn, which is the same in both windings 
B m = maximum value of flux density in the Core, tesla 
A = net cross-sectional area of the Core, mm 2 
/ = frequency of supply, Hz 
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^gj^Li^ jij ^ ^ ^ <*— jV ^^.^aII 



^if 5 JL&ls 8-1-1 

^aJI (jj Ig ■ ^a-Laj Lenz ruls J>il S^c-li ^As Akjjxji e^C-lij U&l^jl jptjj lliaJ' J «^SU 1 I (jJajall jt jlull j\ 

.dLIj) l_lujo 1I AijU^o IajIj (JjI^j diaJU fgjujUl) ^pajall /jLuH/ 



Mpd Jtfl UU ?<UI 2-1 

Primary a^!\si^\ ciiULd) ^gi AC jj^Ia jLj jjja .Hxi 4 a j k n j L-. 1 i* * jj^ £ 11 ^^Jc. A-m^ Cj V^aII Jac> 

.(JjVl (magnetic field) L^Jatuia V4-» jU winding 



Ia£ djjjil! (J^. Ai^p. A ajfej CjU^J) oJIA Clul£ ^(jjuj A_ij^£]! Clill^jud]) A^j^. jjudj ^ L-UjuJIj 

4 5- 1 (J^jaJi ^ (JaiLU^laI) ^gi Ia£ jin]) c — A i^p. A^iij dul£ J\ 4 ^jU( (Ja^UxaII ^gi 

.djjL^-a Ajj^^ A^)^. ^jC- ^gjudU La (jl^A ^g3 ^g a A lSallx a] I (JL^a]| (jl (Jj^ (ji Cft A ) 1 (J£ 




^gjj^JI jlnl! <» , iu*n ^gjaL^UsLAl! JI^aI! SlAj : 5 — 1 cJ^ 1 



L->jL-> A\' £>j& ^ Wq%<^ 4 Jj^aU ^.uwll cJklL OJJXJA Oj 2 dslj Jaj)nA jjja Ajc> LaJJ JJjjaII ^ xhj}qL13la]| JUaNj 

jjjlS) ^jli jjjlS cillij Ujj$£ cjUL ^gi LaL jaj 6 (secondary winding) _!! CjUL 

(jc. c. <U ^gi ^ ^Jjj ^gi cju/n ^gjI^LVi ^ <U1 (Ja ^gjaL^UsLAli JI^aI! j! ) . (Induction 
jj*i<JI JUaII cju/u c f, u^ 4 (electro-magnetic induction) d^JU L ^ 3 ^ 

.a£j^ja Aaj^£ djl w d V] (jl • 6-1 ^ La£ c. <>'a ^gi dj\ wdll ^ 
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^1^1 jjixiaJI JM 1 



6-1 



? J 5 ^ 4 )) ib^l^j DC JoAp* 3) g 9 j jS^e Ju* 1-2-1 

13] IaI t ^^aallLo jl .^jljJAj ^iiliA (JL^»a li^ (jl£ 13] C. <i\a\ 1 ^^9 jg laJ ^ ^ ciJU& (j! 7 - 1 (J^joJI -la^V 

. jL^a ^jlajJ <_£jjl3]l L-sIaI! ^ .l^-^Jl (jj^.Hi.1^ (j^ajill 4 _aj9 cIjjjj 




Magnetic field 
staying the saw 



Itf MCHBCR : - 

the secondary coil 

wi the magnetic field 
changing. 



Ia&jjjIj J 



d±jl3]l jjilxJ! JL^aII : 7 - 1 



23 



http://www.sayedsaad.com/montada/showthread.php?t=71630 








Sinusoidal wave -Si 

_ll J-olstjl] ^L^ajV 



Laj|j ^.l^Jjulj m L_Ujai]i jA i^Aj^ ^\Sl^\ C_aLdl ^ Hjl^ ^ ^ JJ \ji\k iiA jj (j-Gj 

(Jj*\ ^li ^jl ^^9 L_UjuaSi ^A Ljajl I^Aj . 8 — 1 (J^jo^I L<^ (_£^jIj 1I c kLdi ^^9 A llLa C. (dt^vv'lS ^ 

. DC Voltage 




^]i JM' : 8-1 lS^ 



Transformer Action Jl ^$$Ao 2-2-1 

l.^g 4_i9 *lSjJjoi9 a! ^ki ULa £_la9 13] (j^ijqSI 13 a t (j^aJ9 Ajc- Laiij L_fljjua9 c <i\a ^ jIjj jjj-gj Ale- 

. yjqUli ^ dililSI He. cjua l_luj1jjj Lj^£ 



e l= n l 
e 2 n 2 



. Transformer action JL La ^Aj 



:4_jItHl JalilSI uVt (_f^ (j^uj La p^a->aij l£ai$ 

. dilj jjj£ 1V i tiSjj^j ^ cju/n ^gj^^li -sSi — 1 
. jLj jjj-a C5^*^ ^SjjJJ^Vi — 2 

.electro-magnetism Al*\\ JU^ Jjj tdL» ^ jl^Si -3 

. JU.li Sj9 (j-a jjjj L_alxi (J£juO ( ^glc« ciiUI L_fll — 4 

•*W' c> ja 4j.2j.laJ I ^lj-di ^ ^)-oj ^ xnjliljjLxJI — 5 
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magnetic Induction c^JL c2Lj SjjUJI cAaLJ) ^ Jjj :oji2! ^nkL^J) JU^2) -6 

. CCjL® ^judjjaLx-G (JL^-o is^ AdxJ (Jj^ *21 — V 

JjmJI ,atil lilt »«i 3-1 



^-221 J ICAj 4 ^jud ^ (_£l LOSS —II ^aj-lx-Q 4j| Li^ (Jj*\ a \\ ^jjjjALuj <2j^a2l 12 a 4_}lgC C5^ 

(Jj^. LIac- Cl (j) LojjojV aJ^juj Aij^laj ClaVj)^^') J-ac- ^il CjLgj 4 u_ujjaj 4 j2 4 ^1ac> jjc. ^Cl 

- (J *21 c2^Lc 21 (j-axj La L ‘n n j . ^syi 4-^js La <Jjil Li (jl ^^Cau I2 aj t %99 — 98 



5^Jl»Jlp- t^Js J^s*- OlalU v_ai3 Iil4 1-3-1 

iaUjjVl U^p 1 > *-»ji iilli^3 1 (_g^jlj]l v_uUJI < ^IjILall ^ H 4_aj3 .KaUail J-. < " ' ■ U dlUUI J.1C. (jj 

Coupling Jl <jK UK Ul=JL ^ JjUll ^Jl Uua. < Magnetic coupling (jULJI ux 

: fU '^j ‘ j£' <j^' <jJJ 



U$ > >i» i (_>> “LskjAj (Jjfll*2l cjjLj ScL)j — 1 
.S-lj^Jl (j*G l*ag jjj C_ila £_jJajJ jl — 2 



i^i Air - core Transformer ^ n«Vt (jl (j£-aj (J-a*-*2l 4 (j2ajL2l (jjoibaaJI cisLjj LLc. j)£-<ijj 

cijLfcj^i]| LW^ c 5^ Signal 21 a ft*cnj ^ 9 — 1 (J£c2l 1 (jj2Lj ( ^j|jajj <» 2*a • 

.J12J! ^ ^ Oscilloscope 

. Oscilloscope c2^2! jl** ^ 4.2L21 Signal 2! 21 ^ ( l£^L u_aLi • 

(jjiL2l dsLkj-21 C5^ Li^ >.s-i ^1jL 2I ^jl ojj ^ Ja^V 

. Cjjj ^1 jL 2I c^_s2l jla ^jjolJ! ^ Li£ ^jjikljLLi ^jjiL2l ^jl£ Icj 4 ^.IjA L^Cjjj ^jjcc.LLi 



25 



http://www.sayedsaad.com/montada/showthread.php?t=71630 







^^jalU]) Aa -v\l <LgJ 3 ^^Jc. IaAjjL^J j ^jjiLlll (J^.bj JJjtj l 9 — 1 (J^JOl 

JJ» KS1 ^\ Us-kA (Jj^a^j d n^k 4 1 0 — 1 Jiill ^ L*£ A-laJjalJ ^ tin 3nUau&ll C_lM JJjtj ) 5_ljljl! 4qjq-\ll dj iIjljJ 

4 (_^Jjojj]| ^ $. l^A Ixtg njj Sd^lj AiLaui ^^ic. (jl£ lij Aj^ldaj Sdui (_£da Jsl^Ijj L_ala L_fl^)lal cs^ 

diaJlj JlIjIaII 2l£_sJl SjLj ( ^ic. (Jda Lui 4 ^ Lu-^x-oll ^-jJajaj 4 ^ ojjj-all La£ Ixtg nj ^£djd^ L-ila lit j' 

^ AiLouJjj djlilll jdc. djLj ^cj c_uLaJI ^ 




^ 6jU) a_2^p Jc. cjjlij jdtj * 1 0 — 1 (J^-d 
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5 No-load condition 11 ilb- J J^-tl Jarj dd 2-3-1 

N 2 ^jI^jjVI L ^AaSI Nj diliill jA c- (1 — O) ^^iSI j-a ^ y n ^ (Jj^-aI ^Jjaj 11 1 (_]£jud]| 

. (J^-aIIj ^JC^j (Jjj^aLa ]| AS^ NO - lOdd SI *Ul^J £jJa^]| I.1& ^^lc> Idajl jllaJj .jJ^jliiSI 4. \\a\\ 




a\ a ]*■> jjguSI ajsI^aSI 6jjI»iSI ; 11 1 (_]£juj 

jl ) J.'U^aSI j)A 4 > ^ ttlj Iq JJ* x^l jli 4 (^jldjVl) JjVI 4. <iSaSIj (V]_) ^jIJjjVI ^IhOaSI ~N (Jjj^ajJ XlC- 

&i* ds^U 4 (excitation current) jj* ^Sl jLnll ll&j 4 ( (Jj^aLo jJC-j £jjixi (_^jl^]| 4_ljLaJI ^^9 (Ja*\1I 

^9 ^i.1 (j^iS 1 n > m ^j>ijqSI J.1&) (pj ^ )>tn}^Ux-ASI (j>ijqSI 1 >VnS ( ^jIJjjVI < — klx^ll excite djIjjjujIj jLnll jV A-lojouSI 

. (11-1 J£JJ/ ^ & m _j IgJ _>jj ^Ij (jj^ajall a! C_llkSI ^ JAJ ^jjliSI 

c_JflSI ^ JaMj ^j^jiSI jli (loss J\ j ^jjij V ^dSI) ideal transformer A^i^dll djVja^SI 

e 2 Adlj 4 -ij^^ Sj9 4 _i 9 KVn9 4 ^jjl^SI 4_ijLaJI ^ ^j^ljaSI c. '<i\a\\ ^SVqj 4 <ilU& jl U& 4** n >tnj jl jj.} 



^2 - ^2 



**» 

dt 



5 Back emf iddsdl 4 s9|jJI SjiUI ^lo 3-3-1 

V] (JxiiS 4. *<iSaSI I^Aj 4 L-sIaSI 4_l£ ^jjJajA ^),"U.oa 1I ~N (jl ^aijllj Ijj* IjIjj ^^jldjVI 4. <iSaSI 4 > ^ ttij I^IaS j£j 

?? jjiu^a jSjJ (JJ^J jld jAJ jl (j^ajjiASli ? 1*1^. 6JJ3T x^o AHajILo jl (_^l (JJjLaJ tilSjoJ 
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Lo£ U s\ J ) ^JaSJ ^j>>jq \1 I jlA c djliLa ^JnSJj v W \1 L—llkllj ^)-oJ Ajl LS^ ®m ^ k L, J^ *'» /ill ^pajall (jl l_jI^ 2 sJIj 

ClilaLJ) £-q LjJjojIjjj A’uj* 0 ! i ^ V {jc. l A_i3 lAbj CLjULq UjSi 



e, = ^ 



m 



dt 




or 

v « £ 



LjAJjuJJJj ^ Aij^)3LA]| 6^C-IS L-Lal^ ) Vl ja^uJ] ^?JI o^Uj induction JL ^Ul e! Iaaj 

excitation a*jS (jjSj ^ (Vj-ej) ^Ly Jj \Z X ^ Lu V i_iLJI ^ ( _ s ki]l Applied voltage 

.•ojjt,^ 1 . iUI j*j ^1 current 

^aujj UUaJj back emf <jla Uj£j l*£ V | ^jA**a*l] ^ \ A^_aJl ^i£Iaj e | ciiaJL A^_aJl ^jl Lojj 

.aau£*JI zjs\\ ^\ Counter e.m.f 



£i 

e 2 



&Ac-lia]l a) l ^ (jl Cj^ A ) UJ~ 1Q .^ 1 




j ej <_^ ‘ induced voltages Jl ^ Voltages J <jla aLLJI ^aUl*]! ci £> ^ Ai! <j£l 

• V 2 j Vi t e 2 



? (J JjJu?' J-o»p" 4 sli>b (jlJCt&fl eiltl jxJvj <JlS 4 - 3-1 

^a A^ak^oll e 2 A^-aJl ajU i n\\ A_ulaJl ^ blii* 4 -qjILq ^ Adding a load aI^^ a\. * ^S' ' ~' r ~ 
liUij V 2 = e 2 A^aJI (j_j£j ) AS>ilj]l i_aL aU^J' ^ l 2 jbj » y > ^ 

(_£A]I aJ -'‘J 0 " 0 2 IajA^. a 1 . I _oA Luojj l 2 AjAaJI jLull IaA ^ Jaia ideal Tr. Jl aJI^ 

(>j ( oLiji 1 , in. '*11 5ijlx* tub JjL^j cllJL ^JiUI jUJI <j^ sac-US UjL ) l 0 ‘ magnetization Jji oLbl 

j* Resultant flux J. ^JU-£3J 
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<Pm =fa~02 

. 6JJC. ^JaJ ^Jj 11 1 (J£jud]| ^9 ^Ja ^2j 6 (_)xallj (jjil2l ^JaflJ (_£,2I ^pajall 

^gjujlill Jl^_2l jli ^aJ (j-a A x> 21 (Jsl ljj£i L<K ^Aj 6 Oi (Jj2j Om ^A Nj \ (_£,2I ^ \ x 2 (jVl 

A-gjS ^ijjj ^>J U^J 6 IfrUjS ^ijjjjoi (Vj — (jl liAj 4 AjLLuJ) A xl 21 (Ja) AlUja ^Jj^aj 6 j jAj Nj ^ C1±21j 

4 jjiii ^ l 0 4 magnetization J Jji a^ j! Ji*V . ^Sb^VI ^ jUll 2} ^121 ^ jL2! 2j UK liiAj 4 1] jUl! 

Ij t«o21 L-Jj)*s m21 ^)L21 Jais AatJJ >■ n (_£,2I Ujlj 



5 iL^-S^ojJI 0 ^ 3^41 Core c-Js J^-b £©^9 Ja 5 - 3-1 

(Jj^ (jl lliJa^B (^UU^I (J^ j 1 yuil ^-19 . 1 2 1 (J^ ‘‘^ ^_9 ^ ii ^jjjj]1j 4 ^\r- ^jl (j^-44 (Jl^uill IjA 

^j^illj ^j -2 magnetization _JI ^Lj .Uas ^,^^21 l-l^juoj Ajli (j-^ 4 ^}j^. (_£L 2 x < aia 



■L°L)jl 1 



(jja2l ^Aj 6^c-ls C > U>^ UKc. 1 4>>J^ Ludjj 1 2 .jU jjj-a (jli — (j-GjVl (J£jud]| ^9 LK — (_£^jl2l ^9 (J-<^ £jJaj ‘^'J 



02 




<j?jjl2!j ^IjjjVl ^ C2jln]! A yfn ^UiUl! (j>ijqll : 12-1 lKU 



^ ^21 ^)L2I ^j2i (Jj2j (j-a L-jj^ xnx>\l ^)U1I Vj (jc- (Jaj U£ e! 21 (J» ~^j ^ajall 1U 

jjl S^c-ta L_Lai^j . 1 3 — 1 lK 2 J) ^ Cy^y^ J^Ull ^ LK jjJa^VI Ulli ^UaVI 1 U j 4 

^\jj]|j U* cjAi A >jV^ UUaj JiaS (j-oj 4 AjjUjj ^jKc. !2j ojjuIIa ^jjKUj Ajli 
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CjV^aK !}Li]2 £jJajJ! C lll^jjoi j ^ I d 63 1 _J) CIiV^aSI ^ <jjIj AIIajS (J]aJ (Jj L_llk]( ^gi (jlaJflll S^Ljl c5^j^ V 

. 4 jQj<w\l 




(J k *\\ ^j>>jq\1 * 



13-1 



JjMiluUnlitffe 4-1 

i I^J djLujj b^c- 4_Laj 6 14-1 (J^joiI! ^ ja ideal 




1 

V 5 




N? 

N s 



(Jj^a l 14 1 



30 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






Is x Vs (Jj«v i^ja A-2kjLiJI Sj2AI ^jLojj Vpxlp (Jj^- a !1 aA^I.AI Sj 2AI ^jl ^AjV) a^ujAI — 1 

P - = / V" = P + - = / 1/ 

J incoming J p*p 1 outgoing J 3*sj 

. 1q\U^ Losses ji^jj V Aj) oLsla tilli ^jV 4 jjcj ^-fAAL (i&j 

4 lAl^j Voltage drop V aj! (i&j 4 E s = V s 4 E p = V p J\ Ideal J J^A) ^ a_iA2I a^uAIj -2 

• CS^L? JJC-j ^ xJajI IA&j 

(jl (jj-^ ^jjliA! ciilaLo aA£ ^Jaaj Primary Al ^ja \ & n ^All ^pajall ^jl Ideal Al 3j^ ^ IA& ^9 aiAIiAI a^ujAIj — 3 
liAj Ia£ J>^AI <Lgj 9 4 _fl 3 jjj V aHjIj aUgjs (ji 4 Jl^c. jjc. LjojI )A& j Flux A! qa jja ^ l aaa 4 - n ^ 

. LjjLoA) ^j^AI 



jjc. (Aaj 4 Vs (J-<^Ai 6 Vp jA^axA! a_jjoiA! ^jLojj Turns ratio 21 Ideal _AI J^-xAi -4 

E P and E s j^UAI ^ Induced voltages Jl jjj c j J £j a ^^'1 a+^I jV < 

. JtA! l! j^2i (Jjxqj ^jc- jl2c-VI ^ 2ktLuj Iajjcj aA& JS 
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julill J«ill 




Modeling Real Transformers 



**ij4l Jjadl^tfUail JjaJy&»l 1-2 

cjUL^j Efficiency s*liS caLU^ JU (Real performance ) caY^-A ^Uill *!aVl caLU^j AJp JJ 
Aj*iljJI AjjAll aJ ^c.lp Jp-J] real model JAu Jj jtIaj Ala < Ala jjcj Regulation a$*JI ^AaI 
sac. LjSa ^allj < <jYI jj*. aA>aAAl ^all Ideal Transformer. J ^ JA1I _p US AjjA !>IAa t JaAU 

yUa (_Uc. Ac jAcYl i_g$ aijij (jl ^-taj ls^J ‘ laaAa YAA <JUj q\ (jc sa*A (jjAJI <yAI ^a «.Ail 

^all aYaYI ^aI ^pnxj Al*a ( c_jIjS]I _) 1 ^~* q ^ IU c-j . ^ jAj i Equivalent Oircuit 2 yi UalfU 

. ^alj jjc Ideal Transformer JjpAl JjUJI JAaII aA 



OlflJLU i^Uia : (J 3 VI &sr^\ 1 - 1-2 

J^jAl ^ U^Uja tjajA Rj t R 2 y*jj$£ AjlA aS'AL l»$l primary & secondary _J caUL <J AAY 

1 ~i»‘i ^ ^ jAlSI Yl s^jU Jl (jAojlLoll (jjjlA AaUalj 4 - US ^ ‘A.Ui^j 

^aljll ^a laAj *UjlU]l (JYA . qUH (_Ulaj LOSS UkjUJI yaall ^y* ^)AI Sjj^jAAIj — 1 . >at aj^lall yaall ^ji — 1 

Induced aUIAI <_Ala caAL ^AAI a$cJI sjjjaAL <_sjUj Y Terminal voltage Al>kVl <Jc- a$cJI <J -2 

. ( I . X) UaLj (_ 5 jUuj <_ 5 a]lj a^aJI ^ Jap^JI < . <<•«< voltage 



Vi ^ Ei , V2 ^ £"2 
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Oj-vu^U joaLM : (jliJI d^jll 2-1-2 

<_Jail ^ <K j^u ^liuY' cjULJI (> ^JiUlt o' ^Jja' Ideal Transformer J>=^' ^ 

JJC. )i& (J£j 4_£i1aH jUj JjJA (jc* [^JOltA! AJjolAL JUJ) 4 lJlLJI £- lalj t'^y'y^y 

^Ajudj j 4 Cors _ 2 I ^jl^. 4 _jjjojjj ^ a^ ia (j-a-js (_]£ ^ 4 ^ 3 ^ u^j ^ ^ ft UjHj ^jjiLi]! ^Lnll jl$l)* u^ 6 ^xsjj 

(J£judll Ia£ oLAjI 4_JlLo]Ij l laJJj^o ^ ^a (J^ ^^9 ( ^L1 > 0£2 ) ( *rO ja3 ^ A ^ U^ft^ iA&j 4 lG3k3QG flUX _!Ij 

. 1-2 





djliLAI (j-a LjJjjol1a]| : l - 2 (J^joi 



\ Ag KS-y* J (jc. jULdll ^C.Lj 1 aK^ 4 (jjiLAI (JJJ AiLalxAl (J^Ia £A lj,2^1a 4^AJ9 4 > U nljJJ (JJ^aII (JA 4_JJjo1Ja]| iA&j 

^(Ja£jl 1I jlj CIjUIa Jj)j9 3^^-° AjLl\S±f$\ 41jU\a\I (jl Cl LI aC- .hu>l lllj 4 4_JJ^)jaJj]| 3A£ 

^ iGakagG Jl JJ&l 



Ia£ 4 (_^,2jli Q^jlal li3a ^jIaII (jA (Jsl q^Lloj G 2 (_£jil!A! 4. aIaII (J^l^ diaJlj *Ajja 1! ^11 ^jli 4 _jjjjou1I a >jV)j 

4 SGCondary winding ^ AjiA\ ^A\ ^ a^\\ ^ J3! djj^jJL V 2 J^A' ^\jJ Ial ^J! 

Ia£ 4 IGakagG inductancG, L a\ 4. aIa 3^-^ ^2ja ajI Ia£ qj m j J/^ / ^2 2)^ (Jj^al^JI ^akAlj 

.IGakagG rGactancG4 X 2 ^ ^ ‘ L ^ J ' 
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Source 



© 



-T^S> 7 - 

leakage 

inductance 



ideal 

transformer 




M Fife 



leakage 

inductance 



Load 



^)Jjlj • 2 — 2 (J^JUd 



iL^u^Uatl SpljJI JusULo : CJlill 49-5)1 3 - 1-2 

J^-alL jaj i_a^ , magnetizing current l 0 j^u jUil jU a^J] ja^j ^Ia^VI <. «UI Jj^jj ^c. ^ 

: LaA lOSSeS -II ^ I cjl (jjc-jj ■ . 'y*} (_£AjAaJI ‘ . ^3 (jAajall li& JJJ^J <• (_£AjAsJI c . 'Vail ^_3 (j) (jAajall 

eddy loss , 
hysteresis loss 

<_DU t> t jUk-VI Loss _JI jjjcjjll jjaa ii.b Real Transformer JLLJ J^all ^alUl SjjIaJI 

. 3-2 JSajill ^ U£ X m i Rq s-yjjjJI ^^le- la* 




4j3l£-a]l &^jIa1I I 3-2 ‘‘‘' 
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j j a ^ a j £^.^)2I 



jUjcV! ^ eddy loss — M j2 1-3-1-2 

d&Lo.Y I ^_k- Jjjjai) li&j & jljj 4 j 3 Jl] jJ AjU ^JaSJ (jja. *— j«H (jti (_£Pl_)3 (jjjlji] ILlLa 

Induced jUj Aj jaJja l_ 22) (jl tlAj .(_£-lila2 l_22) ^c. Liaj! Jfrilalj j 4 c 22\ aJEuuJI Ajjuila2) 

. eddy current. 2L jL2) )1 a C 5 a J aj j 4 ja Current 



^_3jiaH (Jaxj Ujli I 2 j 4 L_llk]( ^ J Jjj SjjJ^a ^gic- Sj 2 ] 2 (JaaJj 4 A-l 3 L_J j£^)a JJC* jL 2 l IIa jli £_ 2 a]Lj 

.eddy current j 2 j 22 ^ 



^ n .o *i Ujlfl A_Jlc. l22) A_^jILo (J* ^ \j 4 ^L2I 22 ^ja (JliL 211c* l_22I 2&jI£a (jl (2^)21 oIa (j-°J 

(/? — j ^Jj^aJ (j-dj 4 1 g \'s\r \ C, Ljajl aJj^*-o j Ixa 2a jsuJa aj 2i_iaj A j‘Q* a L_22l 

. I Jlik Sjjiu^a ^ A) £»lak2l 2 ^.Luoa 

IgJ ojjl aIIj A-^jjjuj (J^ ^jjj ^Sjl^ d^Ia i2La 12*3 Ail V] UjAlIa lg_* Jax U IgJL^ajI ^aCj (jl .li£l2l SjjjjJa £A 

. jJlus ^JaflA IgJ ^_yA ^_jj2a2l ^A£JI ^ Wq 21 ^ \c. (Jjx^aaJI (jLajJal dll Ij 4 



l_ 22I ^^a power loss J! (JIaj ^aj Rc 2jliA c qjx.Vi UjIj l_22! ^ s jj£L&II Power 21 ^Ia (J A<u1j 

. 3-2 JLSII ^ Ia£ g?^2i 



Hysteresis loss — J' jjfti ^>1 2-3-1-2 

oL^jI ^ ^Ualjlj l-jjjjjj 4 Ia A^j^J aJ c > nVn>n <. jVqll CjUj^ c_2all ^ JJJ- 6 

I^A (j^j 4 C. JI^aI) (J-^J^aII ^ja Ajli A_iJ^£il (Jj^aS Alc-j . 1^ jlc. ^ ttij}allx-A]l 

.Ideal Transformer Jl ^ Jaia 



a jttn)al-i3LA]| (jA Ujl (_^l residual flux ^a^ij a j^nlaUx-A]! ^ja S^IaII A_j| ^al^llj 

(j! 4-2 (J^jaII (jA ^aII 11a (jc. • Hysteresis Loss ( ^ 5 ajaj ^1a aj^j^JI o^IaII (J^L 



<^a ^aJ ^)Sj^a]l (jA Ja^a (Jjl ^_^a I^J ^ laAAlla . ^4. <aV , i j s A ^jjjLIa 0— lo ^g-i^A A juiAj jA B-H 21 ija 

^j 2 j Iaaxj c ;, i,wj ^^ 2) a AJaiJ) ^ ■Aaal JJ ^iAij 6 1 <e 2alj ^ja Iajj Cycles 21 ^L 

jL^all JJ ( jL2l <Aja ^a l^A 3 cjjujljjj l^iAja ^\ H 21 <a 2 dix^aallj 12 aj£J 4 (j^aalUli ^ Iajj 4 saturation 

diAj 4 b AJa£J JUC. jix-21 ^ja ^)j£l A_Aja l^J 4** 2^ ^>2-21 ^il ^^jJa2l ^a IjJjja L_LuallL l^JAjaj B 21 A_a 2 (Jj^aj ^2 

. ^)22l 2 ^J221 ^)L2I A_Aja a*j l_ 22I ^a residual flux ^qnAll ^aj2l 1^-jL 1^ \c~ ^_g2^ cj^ ^21 
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& jJ — J-u^LlI a £^.^)JI 




Hysteresis Jl : 4-2 JLJ 

<1 t_*L JLJ J&- Real Transformer ^iLLJI J_^J] 3J allJI yJJI ^a Hysteresis Loss Jl jJL Jibs ^ 

. 3-2 JLJI ^ US X m Ujaa AijU* 

jjjdj jl< J^JI (jli JaJJj LoLa <, Jj^ Jl JialLJI S^jI Jl X m Jl cJLa U ^ab ^ ^ ^ . . t JL&j 

La j i excitation current etn^ <^JI jAj JJa ^JlJiil <JUI ^a >*j JJ <ula no load Jj^j 
JLa q_jSj ,j! t_±?j jJ <>j flux (j^jJI «.jJ j jt JjiuuJI ja magnetizing current JL LbJ 4 j -aui J <_sJI jLJI 

.AialLJI SjjIJI ^gk jLJI la$J Ub j ■ ^jc. 

^Jc. sinusoidal VoltageVj aja.j 4JU. <J <d Jia.jl aa aJ jAj 4 AialLJI jjIjJI <J X m Jl JJL v n ,„ JLaj 
L ula Jj-v ^11 Sjjb ^gk LLac. a_^jJI ^kLSI U JJzJj <, e | a^_JI ,jc. °90 — j ^>Jjj (J) (j (jla ^ladiil i— ijlal 

. 3-2 JL J I LaL Rq £»a yjjljJI ^^Ic. X m - °L i. an^i'i 



e '' ~~M ] '■ a ^ 

.NO load <11^. Iq xn\l (j* c cJj (jls 
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^ ^ j (_£jjJI £a.^JI 



l m ja c Core resistance, R c <J jUJI l c j* JjVl :o«3> <> oAj >o jd\ J Jj\ <jj J 

magnetizing current Jl jUs ^uua J**. JibJI IJa jl L^J jl j£*j .Core reactance, XmJI ^ jUI 

.ULLui slllSI La jAj (J^aJI jjxj *_a jjui V 5 AjjIj 



iUI4J ijilJI kd 2-2 



ji w ^liV 4 S.Vq* x> ^iixj Jl£ V <jJ.JI c>i& jli <UalLJI SjjUI ^ ^l-iLVI A-iiLij (J LJIL 

}jj|.JI jjiLJI j-o <- > jjj .AiLabo (_£ I (_)a» L-lx-x^aJ IJ&j 6 j-nL^aiLa jjjjJj ^^9 ^jLJI *Lgj 9 .Is^jJ 

<J-aaJI Jj^aJJj 4 A g jxi l^jS^laJ ^pj^a-JI (J x .ad ' */v wlj\l }jj|.J| aJk . ‘A. wlj 4dJ^£ *jjL j>a Ajj£»j A L^aLa AjsI^JI 



(j^al^kj <x*aLaJI ^jldJI S.lJ.laJI 4d9l£-JI <jj|.JI ^ laxJ jl L. ia>Jj 4 cJjAjuuj ^d^}ll Ja^j 4 (jja.'VI A g y\\ j-a l^dS^laJ 

. Jja^ll 4_LudLaj'^n (J jar *VTJI 



6 jJI ^JU-aJ j! ^gisLAJ 4 UjIulLo jjjfraJI j-a La^dS^la ^C* .1^-aJI ^dj^aJ jl L. i%j 4 -IaIc. ‘jjj^aJ jdflLJI j-a (j^aladj j 

jj£ U Vn J jjqlxJI s-UJ] j£-ad3 4 4. \\aW AdJ^^JI 4 jl 9|.JI fij£il 4-^ Luba jj^LJI 4. \\a\\ ^ AdJ^^ll <x9l.JI 

.4dJ^£]| (j^aljaJI AjL ^gic. jjjIj c : 'lWj V j aj 4 JL-ajVI ^gliLa^j .lie, (J^jLuiLa ^Jl 



?filjLubJI fiJ& ^aJJ (jl j£-aJ 4. j£jj 

e j ^ u^uti AiLaJi (^j ^ r; = t p jj^j ji j T s j-o r; i^ji-wba (_^ji^]i dsiaLi ^ n^i i^j i^a 

jl — \±iA lij — Uiajl j^jj ^ ^IjIjVI l. <iUH JJ (^jjlill 4. *\a\\ Refer u*m" Ujl aJI^JI ^ cJ^o 6 £*2 = 

.(^jjl^ll JJ ^IJjjVI 4^^111 (^1 (jjAaJI 



I jUajjuj jqVt 4__iao 4 jL^-iV I djjI^]| j^l£j 6»lJ»laJI jl j-o 

. D^li£il dsULoi^, ^)j»Tt V ajjLalLq Losses Jl j ^£j jl (Jj^l • 

V 6^,iaJI 6 ^jI,JIj <Jj^aVI SjjUI ^ AijUbJIj <-ojlLJI J!>Lk Volt3Qe drop Jl ^jLujjj 4_l^j ^^11 • 

.Regulation Jl a^& 



(Is) 2 R's = II R. 



jl (JjVI JajJJIj 



Nl 

R's = R s T^r 

N } 
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jij ^ ^ ^ <*— jV 



(J» (jl U^ L&a]1jj 




N[ 

JV P 2 



^jjjajLoJ) (JJ^IaaH ^gi LftS L^J-x «a2 lx>£ A\°i cljjjjuj L£j^> y $\ JJ 

l 4-2 (J^judll ^g3 L<^ ^ J. x^a2 3-2 (J^judll ^jujj ^jfLoJ ^aJ (JAj 



Xg & Rs (JA !>l£ Ul3j ^4 Ujl )3& (_5 ^*-a j 

a -Ax I Ausl^o ^Ixa ^jj£j 6 jj!»i]| jli 




^)jxj]| c :> n*\ i^Loull ^gjj magnetic circuit _!! j3iil <Laa 1I (J3j 4_ijlj s^Jaa*£ Jajjam]! *^3-^ Cj^hj 

c4t^j Reql is^ (Jjj^a^Il l jus djUajlLoll (Jg t tij t m 13a <jl Lo£ 4 U-iUxn nar J ^gi oliLoA I ^311 

. 5-2 ^_gi Ia£ til!3 ^aj ^ n^ijj 6 X e qi I] Lx^ C-jISjUaI! 



*i J 2 ~ R l + ^2 “*U + ^L2 
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j j a ^ a ^ (_£jill cIjV^^a £^.^)a1I 



«1xj ^_±j^aJj (JjjLoill (_]£jud]| (_£jlj4ll ^ ic* <U^jjujja 1I £.l*Jj ^aJ j)Aj 6 OOT0 II pOW0T lOSS (JLoAj Ldajl j^ a\j 

. 6-2 J^JI dili 



^£<71 “ ^ff] + ^ 



f h = H 



-mh 



mi 

/ SM J 



L 



1 

Vi 



4a11j Aa^p ’ 6-2 

Ia£ (Jj*\ aSI ^Jj^aj p j)Aj X e q SI ^adL AjjILo R e q — SI 4_a^ (Ja^j jl j^AJ Sdjli 6 HaJjumll djlakp ( ^j^a3l ( ^lc« (Jjj^aaJSj 

. (Jj^ aSS X% 4_aj3 AjaAI L—LUjoSI jA l-^Aj .iais X _J iais !>Ijaa jl£ 



art jftj p JtUI M Per unit _JI abL» fc*i 3-2 

^a SI j£J Short Circuits l-j! a K /Iia dlUA jl£ IaI djKn^SI ^s cJ^j^a SI Vjl <j| c_fljjxAll jA 

l^njU. ^ic. jjql**^ a jpg ^ IgJ jl ^Aj ^idalj tp nnS diljj 4 djKn^Slj j^^qSI Cdljljj djLl <jj» x^iSI jJu-aA 

^ djljlull CjLataJ jjj£jjal JJ JaiS A^.lj (Jj^A J I^2 lJ AJL^. ^ A£jjoJI gunVn p j)Aj 6 (_£jjl!illj L ^\Snj\ 

. l^Julj^k ^ic. 4_AjLal^JI CIjLAaxJI jj£iaJ C A^JjudSU djVj)*\ A 4-JOlA^ Jl2kj jl (JjVn jl dlls p j)Aj 4 lj <£jLuj (JjojIj 

. Ajjjlall CIjUIaII jA IpAp jc- A fllia^A djlAjtaA A Ajjj AjjIJlIjVI CIjUSaSI 4_i^,lj jA A^JjaII <_£jj (J^-a J£ (jl (Jj 



djlAjoa^ c1jIc>ja^ a) IgJ AjsIIaII AajILaSI jlaul j^Aj aj^Ic. *jj|j ^ I <J1 a ^ hAh^ d. aSI jA a£jja!I ciiLk j\ IaI 

jl Supp©r position (_^a ^aSI (_)^JI ^Ia^jjaIj ^1 (_^3!j^^ ls^ ci sIajIIaIIj ^IIjjII djlAjli.AH a J^jun 

. Por Unit Aijjla ^a cS^j^aW a K J^a jA ^j^iS^SS /IiaSI jjlall a^.Ij .Thovonon 



<SjJa Jjjj V csill jjaxj Ajjlij Cljj£ l-AJji C-J^>Sa 165^ l-^j Cllls ^1 dljli 1*1^. ^JaJjoiJ Aijjlall Aasc^jaII ^jajujVIj 

^ (jjjlall c I^£Aj 4 ^juj 180 c5-^S Aa^Ij <Jjts <jV Id^. l^jj jj cJji^j j^-l j>JtM j£j (^a 150) jc- 

^ajoil 60 jA ^Ull (Jj^S jl I !>Ija IjISj A jar “SjaII Ajdalj ^aJ ^1 IaI .4 ql'i's a ^aAdlc. A jar “SjaII jV d^.lj ^akjuj Jc. ^1 

. jJj^aS jlj !>lxS (Jjj-Sa Aa^. 1 jl A^.1 C jjl Ia X\*°i 
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jij ^ ^ ^ <*— jV 



aJ ^jl ^ jjoi 7-2 (J^judll ^9 (Jj^- ^1] Ij^laj . Per unit 21 AiL^ia diV^^all aJ£juLo 2^ 2 212^ I2& ^jja^j ^gic^ 
. Low Side 21 a_^jolL2I Z|_ a2jIx> 2I ^jc- c <2*^% 1 1 i q h V. Side 21 a_jjjolLq 2j^ a2jI*^ ^aj Zh a2j Ix-a 

. ?a£jjJ 21 Ja. ^jc> jUjc^VI Ia 2^LLuo La^jli 





Zl 


Z H 












V L 


} 


J 


V H 





^gJj) 2j^a : 7-2 2^ 



^j-a 4_2] djjJaj A jq\' aJA (jl La clniluij Zp >u lg_*jaji <Laj9 jljJC'Vl i^tLoj 2? 6 t21j 6 oi& V Il_j)j^2I 

. ,2i*^-jVi <. i2-^2l /j-G 2^^'l ^aIjj , j2I a a 



iiU 












Zp. u ^j*jj 



^Base ^J*-L9 



2S1 S^lj Ajar'S^ 2^*-^ dgase LaLaJ (jj)Vn . V|_ ^^A (_^jl2]| L_uL^ 21 Lai V|-| ^^A L_uL^21 V[ 3 ase j 

1 n^xn UjU < 2 -aj i -&2 LaJj i MVAgase ^ 5 ^ <£)-GJ A^au 21 j cjuiVini A^ U : 2 i ^ dsLa jtLali 2^ (j^ 4^/21 jj^aLc. 

Ajl^jli ^9 ^rVn9 1^2 A 2j^a Laj9 (j^a^juo ^j-a (_paj9 j\ Aj| Clmj (j! Ajjg juoJ (j£*aJj .A_xu9 (_^i 12 ^ajij <jl 

.Reference Value ^^Aa^a ^ >r^ i^V 6 lSJ^ 3 i^ij 



y 

^p-u y 

/ -1 



Base 



7 _ ^Base 

^Base 



I 



Base 



:A_2t2i aLU- 21 ^9 La£ MVAb aS e A_La2*^ Zp >u s- Lud ^j 



y _ y MVA Base 

PM a kVl 
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.<flj^la]| 6-l^J AJjujJJj]! ^J^LlaII ^Jb fiL&J 



. Jja^Ii Zp.u 4 —La^ i3 CljVj)*\ ^11 ^Jbj <£jbuo]| ^-alic. L-jx-x^a) ^ic. <ajjJa]l aL& ^ IlSaJJ I JLulj 

mva b 



Zp.u —Zq 



kV t 



B 



. \ la L| C-LQ^kjjgii (ili . V J .?Z H Z|_ ^^Jb (Ja ?Z n ^Jb Li IjA (jVl (JIjjoJIj 

. ^IjjjLolLq 1 aq M ^Jbj djLoJI SlaxliAll i Ixa (jjtaj ^ Z|-| J Z|_ ^^^Jb Zq (jl 



,.Z =Z t x^ 

/, -"‘ L kvl 

Z =Z H x MVA[l 
pu 2 fcV* 



z PMl= z^ x kvl 



Z P . U2 Z H kVi 



( z \ 


f"'l 


\Z H y 


U 2 J 



=1 



6 -l^.lj <LajtaA <1 <jl ^ xn *LajL» 1 a ]| ^3 ( Jja ^jj^aJxu 3 djLLai^JI ^ Zp. u ciljl ^g-ix xn 

. 4-j,\iVqMl dsljLai^J! Ia£ L>^J 6 Zp.u Ja^B 



^1 JjVI L-ul^J) ^ dulS e-ljjai djLjlLJI JS ^J3 l^-JJ £2kp S^lj A\* ^ja U jlx^a j! Aij^lal) d^J AjjujLujVI Djj-alli (jij 

4 a^W oLa dijl£ <jl JLoij q\ ^ \* x> tilllA ^jAiia 4 5% 3 \ja ^jLuoj Zp. u q\ (Jja lili IL& 

A m x> 4 jar ~nja Sj^al Ajjxh^s^ A xnqll aL& <jl ciJU& Ia (J£ . (jj^a ciJU& ^jjjjIb 4 (_£^jLi]| ( ^|jliJL>U AjjouIL Zp. u ^gA 

.a xnqll oLa l^J liila 4**1 ^giiil Prated a^l& <j! 5% (jjjLxj (Jj^x>\\ Zp. u . q\ 4. ^ja ^ln^Lj 

.X% ^ A JUJ J 100 ^ <LLuJ! (Xpy^ li] 




Per _ll ^ \x a ^JjJajJJ ^aLk]| is^ 4 AjS\£^II Li j )> m n ( ^a ^Ijjuj L^_llj UL^aj A 

(jjjLuJ! 4 ^ 3 ^^ (A l^* 3 ks^ 4 X 4 R ^ja c^LLiyj V Jja^A name plate _1! UIac. liLJ unit 

. l^_iS j Uix^aj ^1\ ^jVL Ajal^All X _ll *Laja ^jc. ^ja Sjjj^a IaAj Xp u X®/o Ja^a c-^LLixj L^jlj 4 
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Aij^j*-a]| 4 jLu<_a]1 ‘ ^ jja>V 1 la* J el^.1 ^11 ^llLj L^ijU 6 £t]j X 2 , Rq 1 X | , R | ^aj9 CljJjl 131 



LI 



.£^>11 ujUI ^ cj1;Ll.V! J^a ^ J^LilU ^3 L£ short circuit test j No load test _j 



? X % d^S 43^ icoj^l lo 1-3-2 

jl£ 12 (JLlJI ^c. .ajjxo Ajjuoj^ voltage drop <Aja (JIIaj !>L 1 a ^^^a 4 c^Lol-i^iLaal z^c. l^J Jj^»a X% <Aja 
^21 ^ .Lj^JI q^Luj Full load 21 Sic. ji] 4 %3 j^Laij *2 %X ciul£j 2400 / 240 Jj^aSI 
%3 ajjouj (j>>qVniuo (jj^jUl l_uL^J) ^21 jl I2 aj 4 %3 Ljs 2 j a\ aJL^IJI impedance Jl 

. X 21 j <> _ iiuaj ^ Full load (JaI£JI 2 ^<^21 4 _jajojVI aa. 21 jc. 



= X% jt^t 



72 V = — x 2400 
100 



<12*21 ^ Ia£ <2Slj jj^ bjSiViA (JaI£JI (JjaVi SI S.UI (_£^jUI LJj^lal Sic- 21 <Aja 4 -jLui^. i2^aj <22 xj I2aj 

:<212I 

.2400 - 72 = Z 2 

(j±ui Ia (J £ 2)’ ^ 4 F.L SI jLj jjja 72V Sj^a ia^A ^ c > tu*n X 21 d2a jl <jj2 *jA ( ^ 5 a*j I2aj 

. R << X 4_xua jV (J^2a IjSac. I2aj djlaL2] R <AjtL2l <Aja (Ja^j \Si\ ^jiajlaj 

<2121 <S2*2I j)A <ij|^)*A 1 Ag m <j£X*Jlj 4 X% j)A Z°/o ^Vu*n Ujla A Sa^ a jjc- R d±jl£ 12 IaI 



(Q) I rated 2 eg R . y 

n " pu J pu 



pu 



Z V 

base rated 



ci2a L2£ Jj^aII %X <a 2 dj2j L2£ <2 6 S.O SI l_jLoi^. tilSij X% 4 aj^S 1^. ^a ^l^**util tilllAj 

^lijjl SjjjjjaSL ( ^axjjoi ojAASI o2a ^_2a]L 4 (Jj^ aSI 2 )-° ^>^VI L-ul^JI ^a ajjuoUSI Short Circuit Capacity ^ajs 

. Lo£ ^a 2 l Jajjt^JI <Aja 

percentage - Jja^SI AijU-o ^ X% jl dii^ 4 Short circuit test Jl Ja^ ^ cJSij d2G ^ bVu 2 4Jj 
il£ gJ Rated jjL2l jLJI j|>aV J^aJI ^iL Jc. ^2^2^ c_jjlkJI ^21 4 impedance voltage 

4 j2LJI ^a2l jA aj^jaSI AjjaJL Ahc. ^ix j ^21 Iaaj 4 j^-VI <* ^SaSI i _ 5 2c. short o^jI^ IaAIc. jjiUI 
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^ & A.I — Aij^JII £^.^JI 



jrtjj <M t^ixj li$i %3 ^la LSi 1 -^ W 1 ^ ■-'•'K jla 4 percentage impedance voltage Jl ^ aauJI e^j 
.Rated current j&J\ jldl ^Lua jj^ Short circuit test Jl ^ iJia <jjiJI a^JI a^J <> %3 Jl 



^yi S^luIjx Jj^VI AuJI^ IEC Jl ‘ " jl a ■ tj^a ^ ^jja jji.UI JUI (Jj ' II _lj^ Jl Z% J] LuJI A a jfl aAjx-a ^ jj 

! 1 3_^-JI dlLa j I «-a A_^j] 



Table 1 - Recognized minimum values of short-circuit impedance 
for transformers with two separate windings 



Short-circuit impedance at rated current 


Rated power 




Minimum short-circuit impedance 


kVA 






% 


Up to 630 






4,0 


631 


to 


1 250 


5,0 


1 251 


to 


2 500 


6,0 


2 501 


to 


6 300 


7,0 


6 301 


to 


25 000 


8,0 


25 001 


to 


40 000 


10,0 


40 001 


to 


63 000 


11,0 


63 001 


to 


100 000 


12,5 


Above 




100 000 


>12,5 



Jjftfllli iiiiiUjJI jfi <U*liII Jjill 



4-2 



jjj (jallil! j ejilaall) Aj^jjKj^' 1 (jjjlll dsljLai^. Cl ^Jj^aW JjuJ^p He- (jj-osu c > vsj ^^iJI Ljajl 4_*lgJI C^LLoi^JI ^ja 

^)\jj ^a j C* Cl S.O Jl 4 juJj. 2 Ale- ^-jjJaj^JI I4& 4 _ia&I ^Jajj . ^)LniS <LoL^JI 4-ij^^JI Cli^Lx^aj^JI 

jj£j ^^jSI CL^j^aW ^ LojjujV 4_jaiil Jj^xJI ^ cjiuiTi ca jlnll I3& jc. iJllaj dslaLJU 1^ 

. lg .>>* j <J^.b Alkl-ilo l^ia Aj^jU]|j AjjIcjjVI djliLJI 



c5l^ 



Cjjjjs Cjj'JJjl d^iUI 1-4-2 

Jj| C 3 j 4 Ua .1 ksiA Ub jjfL (Jj^aj-o jLnll JJJ-a u' ^ J > rtj I ^^9 CIjLlujLuj^ I j* 

F AjjaL^Ui-o bjsl (jlajxjj <jli 4 B Allalj^ 1 j 4 I ^)\jj Aj ^aj (Jj^aj-o (_^l (jl 1 x-ojl 



F oc/xB 



Core JL j-gj c^J^I (^L^»VI (jiajflll j cjjjuilxJI (j>ijq\l <i\j£ ^Jclx^JI B SI jli (Jj^^SI <UL^ ^9 <j| Ja^V 



<J Jajj-o JJC- ^ n^ilj 4 L_JiJI j-°j (Jj-^j-^I <^SjJ ^Si>^iV I ^jiajaSI L)V 6 Jj^a]I ^ 



43 



http://www.sayedsaad.com/montada/showthread.php?t=71630 



jij ^ ^ ^ <*— jV ^^.^aII 



jj£j c Motor windings J1 aJjSaII c*DU»Vlj aJ^jaII ^ B _S1 ^jjS]) a ^ 1 \ jli Ajp aJU ^ U 



Jl (jc. aIjujUI) Forco Jli 4 ciiV^aII ^ U& aJUJ) (jxSc> ^ Ai^paa SjjjS jjjjaI) ciiliLo ^£* Forco _1! 
Ljajl US c__kLJi) V ^jaj SjjjS ^ic. Jo^JI (Jj^ a]| CjliU ^ io Lookogo flux 



l^S ApLa^A i. * ' L Ll 1 l 



-: QJL55A go ObL*^ 2-4-2 

( jilu \ L_l3lXj) Sj3 1 iu Udjj AjU 1 i_jjjjj]I ^jic. ij , i 2 SjAi jIjj Lafrla (J£ J ^ ^ j (jjjjlaJla j-q Lj-i] (jl£ 131 (jVl 

(jjjlill i— batai (jjj^LJl (jjj Ail > nail j ( (jjjUill A^i ^^ic- IglLajj i_fi3jjj 



|F,| = f, X r 2 X 



Mo 

2itr 



/M l La£ jillj Sjii 1 ^ ±u Sjall dul£ (jj . ■‘lUla Ul£ 13li c (jjjljj]l elxil ijha ( jaljj \ (_i3laj ) Sjall oLail ja^jj j 

. 8-2 



Force 



- * 0€- : C€ -^- 

Flu* bunching 

■<■ €€ 




v V 



Forrt 




aUlaVl AxuSIxja CjIjIjj] aIaUJ! C1^Ux3^a]| jjUj • 8-2 (JSjuj 



9-2 ^ US ejiUj 6jS Ug nj AJjuJ^Ula]( 6j£]| ClulS ^.Ij dUj) ^ UlS (ij J 
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^ j a ^ a CIj Vj^a ^gi £^,^21 




I Forc e 

CC C€ 

■^C c ^ 

f Force 



n> 

3> 




oL^jVI S-I^Ja CjIjIjj] AIaI^H Cl2>Lj^aj-2l jjl^J JJjL • 9-2 (J^juj 



. ^gjaulaUi^i (Jla^A al^jl ^_gi ^-jjJajA j jljj 4_i9 ^)A J (Jj^ajA CS"^ ala2 Jjjdd2| -l2J ^IaIs S^C-IS j 



^i* 4iLalA]| CllljJ (^yaJLlj ^JJJjuoLujI ^JjLalo ^ic. <j£_pI£_La]| £>2& 



(J3a* 11 ^jLij S^juo jA (JjVi • 
(J3o» \1 ^jLj ^gjliillj • 



(Jlflj I2&j Isujjuj (J3as2l (Jj-a3 (jl£ L2£ Ajujjujj AijS^ S^_2V1 a2& Cl±jl£ 1 aK^ Ajlijll JL9^J AjaAU L& ^jaj 

ciiUL2l ^ic. SjjjaII Cy* 

f i jS^j 15wc4 1 ^ 2 j& dJ ^ LtuJ^l j^LisJl Lo 3-4-2 

^jLnll ^)jj-o oL^jI Additive Polarity aj^l^a A_nlaa a! (Jj^a ( ^a ^LjU ^3*21 jj^jaII lT>^- ^2 cJj^jjxaI! <jA 
Phase 21 uj^ Lt-a 1 x^iVnj 1 *_a ^jjj ^jaj c <jjA!2! l_2a!I jL2l ^L^jI q^c- ^j\si$\ l_2a!I 

Ampere Turn A.T_1! V] (jjjLull <aj 2 c^2ilaJ ^jj < cj!j£JI )2& <ja 2212! c_sl2) ^ 4_ifL2l Jj^aa ^ La£ 

<2L^9 (jjilAll (Jj^ja (J£ cJ^ Flux Leakage cj^joua (j^a^ Aa.jj <2 cLu^j . 4 jo^I*1aj ajjI^hIa ^j^IaI! 

-j& $ IaK 2^22 Jjjj £jla2] Ia^ jjj 



_2L ^)aj <_£2I 1*^-3 Oore SL ^jaj <_£2I ^jc. (Jjj2j leakage Flux (|) ^2L ^jc. Jaia <> :> vwVi liil Jaa.'V 

.iL-at <j Ja^ jA ^ conductors _JI ^ *^> ^ V Core. 
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1 ja^.a — A_ijj££]| CS^j^a ^ £-^.ja3I 



JUac^l cL5l 4 &jISL4I djku*jJ&\jJzJb\ ^ 53 -fiJI ol^)l 4-4-2 

j c LV CliliLa j^c. Jjjtx-ail (JjLqj H.V _JI ClilaLaS c ),Vte aj l_i£j>a A 5 y\^ ± a!\ ol^jl (JJaxJI l*' <j K ^Uj| 

A_ijIj]| ^^9 50 (J^x-aj (Jjaixl) (J £ ^ 10 — 2 ^9 Ia^ Ua9l (Jjaj Cli9^l (J ja ^ 

.( 50 Hz System) bjJ J 




J^b Al^Uli jyill : 10-2 



(JJaC- (Jjl £a (Jj^ a\I c^Kq'i V] j A9 Aj Ljjai^-xi Cj^j“\aW ^gk JaJJjjll (jjfLa (j! AjaA^ ojLujj ( ^Jasu b& j 



I^Lla jala 

A ^jn Liikb ^CJJJ Sjjjjudl! A K >!l\A — Aj£jjI£ ; 1a]| C5^j AiLjaVlj — (Jliarll jLj (JC- ^cjlj (J^LaaII ^ja 

(J^.b JaiuJali ^l^jj j ^ (JxajuLi 9 Cl u^]| ^ I jnCn A_Jlc. Sjj^j Aj^. 1 t/ixi ^jjSj oi&j 4 djliLJ) (jjj (J^xJ) jU^ll 

. ^jl ^ 1 (Jj^aj <_ 5 -^ TANK 
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j j a ^ a j (_£jja]| £^.^a]| 



* ((jj^J^ C5^1) ^ -Jl ^ La « ajJj 4 ^^LalJI CS^]) AJax^sjJ ^jC> ^UxlJI ^9 StSfldSTCl -II AjL^]a]| (JJaJ 3 — 3 (J^juJIj 





Star _JI 4 -Sjjl ^> jjj tJ.LI a I n ^tjj : 3 — 3 cJ^jj 



: 3-0 _f) 0^5^41 ^uJUalf iuliJI iojjiaJI 2-1-3 



Ia£ Aj^L ^.1 CL^j^uh CLl^L i^ja (JaJ j SjjoiIia S-l^lj (_£-la-l^ S-Js 3 — 0 Jl ClaV^ a\I (jj^ l$-i3j 

4 Shell-type J\ Core-type: Jl U &j jj%>k]| ^u^»j J jIaj 3-0 Jl CjVj^JI lJSj .^Ul ^ 1 ! 

.Ajjjuaall aIIj A-niall dV^ aIL £^Jja1I I^jajojjj 

j 4 3 I i mbs s.iacJ 3 (j-a uj^ ^di^JI c > J‘<JI Q^fL 4 Core— type _JI Aij^L ^LVn J aJL^. (JI!l<JI (Jjjjuj 
4 phase Jl (JjAaj <j^aldll HV Jl dLLa ^dajj 4 (JjVI ^ja*JI phase— A JL <A-aldJI LV _JI dLa 

. Phase J£ ^ jjiLJI jjj J> • 4-3 J^J' ^ L£ c$>VI 2-phases Jl ^ IJ£a j 
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LV Winding 



Core (3 legged) 



HV Winding 




Core Type J£k 5 J ^ : 4-3 



24 6.1a] 4jj1a 120 4-2^)-A c_Lii^a]| ^9 CIjULAI £jJajj <Sj^aijA Phase (J£ ^k 1a ^aJJ LAaC-j 

lALAI dllioLa cAjujIaj A_ 2 ^)Jj lALAI (JjJa Ij.W'll (Jaj£a CA^J 6 jALa £jJajJ ^)Al ^ja 1 g JlxJj 4 <C-Luj 

J! 4 ^.aa^A) c t \\k\\ AajojjVI ^ja*J) ^^Jc. AajojjVi Phase A! J|)jJ c f, u^ 4 aj!>Ij]! aA)A]! <Alli auj 4 A^Jjli 

.cAli axj oip^\ Phase 



. 5-3 (J^juAI ^k Ia£ <jjAa]| AjV j)^ a\L Uiajl ( ^ 5 ajujjj 4 Shell Form _AI Aijjlaj LjojI ^aja^AI l_AAI n^Vi (j£ajj 
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(Jjaa^ aJ Shell Type (Jj)^x> 5 3 l)^-^ 



l** n kl\\ H.V Jl dslaLaJ JaJJjJjoa L.V dlliLa ^ja ^juoUII (jl (jLuJa j& (jjjaj^Ia]| 

(j-a <^33! L_j13! is* A-L^Ia (JC. Jj£l Jjj^alij <3U&j . J1& CJJjujJ 



^ Ul^Ij 
UJ^ J 6 



G^$«4>l 6^5^ OtH i3j^ 3-1-3 

!> (Jx3oJ <&1 l Ajj^jj jl ‘ 4^4^ C5^ 6 ^C5-^ ^ AJj£ju3L 3-0 31 CJ^j^a (jj^Sil 3-Banks 4jL>L JXaJJ 

La£ c %25 ^ nn*n 1 ^£1 (JjVl ^>31 a_3£j (j! I a£> c a_i 3 3-0 31 ( ^jl3l ^31 (j-a ^>j£I 

• Cl& uj31 jl 



(jj£j (jl V^j\ (_gAj aIjLoJI L-jjjxJl <Lal& Sjxo IgJ ( ^3/ij '^■Ij cJ^- 0 u^3 A_pU cJ^j^a a3/Ij ^Ig^jjojI jjl ^jc. 

J^JI aJU. 1 a n \ (. A_xiG^Jl (j-a a333I lLj^j^aW ^ja U aJU. t^jlj^ 3 cJ^-^ l)-^ <_£3^l £j]j lia3 

.^)j£l A il£j (J3 gj 13&j £jjjl^la (J^-a <jj^3 A_13a (Jj^a Ujli aG^lj £_ix-a3l ^^^>131 
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^ & dj — 4-ij^)fr£ll ^^Jl £^.^}JI 



Step-down Jl cUV^ ^ U1L -vy,..,-^ ( (Star-Delta) L^J lJjJj ^Wye - Delta Jl -3 

V, 

• f~ ^-aJl i (Jj)j*J) A il£j (jxijqVil JUJ) JJ Star J! L-ula. Jj^jj 4 

v 3 

^ Step up J cJVj^ ^ c Delta-Star W>k> u_sj*jj < Delta -Wye -4 

. L-jtiwjVI (jjoAil^ 4 JLLui]| (Star-Delta) AiL^ia 



. lLiUjII L_jU 1I (Jj L ^aajll ; cilli C oj«Vu n j 4 I^JjJCj Igjjjx/J (_£^l AjuJ^\ JjjIaH (j-o 4iL^L (J^j 



3-0 II OV^-e ,3 J^sJJ io5L»JI OlsSlaJI 1-2-3 

4 UL (J£jJu j^ylc- LI : La LI ^_ijL. ^_y> l_uL. ^b aIl^JI diUUI Jj^ajJ lc.jj*!i jJ'i I (JjjsjjUI (jU 4 Uj£js L£ 
^ > i'jj Two lines I b^_JI ^a JjV I ■ JJJI ^3 UJ b^_JI UjJ ^jjJLJI ^g 3 ^ i^IlL ''~ ^_— L jl 

aXUIj .Phase Voltage, V P JU L ^ij Winding Jl ^ jJUJI .^Jl ja ^JIj 4 Line Voltage, V L JU 

.7 3 (JLJI ^_B 4 ^ . Aal j I * jjj 








N 


Dsi'fa 


t = ^3 X J p 


coo nets/ on: 


II 



Star _llj J Jl ^3 aJilJI cijljLJIj «. 11 43l^LJI 7-3 



J^Jj ‘ phase voltage (Vp) ohj ‘ line voltage (Vl) , oh ^5L!1 uj& ‘ Star J1U J&. Jj^ajJI 4 JL. ^Js 

LJ i p (jjjj , i L (jjj jUJl ejliMc 
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jij ^ ^ ^ <*— jV 



V L = a/ 3 V p ) 

Il= I P 

: ^_Ij LJ djli^LxJI ^jj$h ■ " a Delta ^Jc. _lj ■ ^ J J. Lai 

V L = V P 
II = V3 I p 

iu&lin 0^5^41 ,3 Power Relations SjJiaJU iuSWI Oliklafl 2 - 2-3 

4 L £, jjJUd 4 aJUJI cjV>=^ 1I ^ MVA Jl cJ-^j J kVA Jl a^UL Apparent Power, S Jl a-oJ 

! ^_4ij ^ ' ^ 1^ AilJ^iaJ jtlu: (J^ A I ■ flj Jl jl 4 J.j J£jJu ^—Ic- 



S — 3 Vln ^ln 



Phase Voltage ^ V LN 
Phase Current Jl j& l LN j 



i ^ Lo£ ^LJu J£j ^^Ic* J^^jJI aJU. ^3 \xy ^ aJLJI aJLlJI ^jc- ^naJI 

Sy=lV m I L ='S^I L =fiVL L I L 

t/3 



AiDbJI (Jjj^ajjll 4_ll^ (JIaIIjj 



v/3 



Jl cjJll a_oJ (jJLJI JJ ^ia 4 Jjjo^jJI aJ^J L_i3j2j V CjV^JI ij Jll c-iLoi^ dila^lc* J JaJ7 

: saJj Aj^aj A-i Apparent power , S 

S-fiV^h 
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OjJtS jrusil) d Volt-Amp _J I ^) Amp _J) ^Ijl^u>I <jru ijjjiJI lo 3-2-3 

5 Three Phase J^-o 

^jc- (Jj^j j 100A (Jj^ ^ IJ& ^Ua (Jja^s i kVA _SL jl ^jjjaV U cJSJ UJ"^ (jl cJj^ ^ (Ja^ (jc« .lie- ajti c- 

1 — 0 Aa^-SI Ajjl^l (Jjj^ajJ ^jc- laJ 4 K Jo, x> cJL& ^jSJj 4 .1 MVA (Jj^ ^ Aj| ^)^l (Jj^ a 

^pta 1~0 — SI Aj!^Ij 1I C-aV<)^kX>SI (J^a (J^ (jl^ IJli . 3 — 0 4_2kjVI ^lj (J^-q ^£Ja (Jjk^a^aS 
Sj^a (jl (Jjlj tijla 3-0 -SI £^JI £y* -i^-lj * sa ^-u^alS La Aj!>U1I cIiV^a]! Jjasjj Aic. Ljla !}Ija 100A Ja^j 

(J£ Sj^a d±J£j 6 kVA _SU j ^Sl ^jc. bjjc. lij IaI .300A i** u>nS j I >>>jl 100A ^jLojj jjjaVL -iii^JI l! <*11 
kVA ^jLojj ajjjs 3-0 ^ ls^" jjuj 3JUJI &J& ^ Ujli 4 20 kVA ^jLjj Ai£tJI A_pl^VI CjV^aSI ^ ^.Ij 

. 20 kVA (JjjJj 60 

?kW Jb fl kVA fb J5^oJl 5jdS Jl* 4-2-3 

jt Iaaj 4 -Lia Electrical output l^J cJj mechanical output l^J ^ jjj^aSI L y&& cJ^j^A\ 
t^ysj 4 aj Jj^iaSI (Ja^JI Ax-iiSa c > 1 i 0 (Ja ajajs power factor aS q^£j <jl (j£aj (Jj^^SI <jA ^jLiJI ^Lnll 

C > HnVt ^aJ 4 kVA JL L_ fl^SU IajIj 4 Ja^JI C t U^ CJJxIg 4 aj 3 Q^JjoJ kW JL (Jj^aII L _ IjSU (jl L_LujLa JJC- ^ H«Oj ^aJ 

.(Ja^JL ^aLiJI P.F Jl c > kW JL (Ja^JI ^-Aia 



AliUI 4i4i Mpd 3-3 

Two - windings j i_aj*j lilj ( Primary / Secondary) cjliUI (> UjoI cjV^I 

.liiij Y/Y J\ A/YcjVj^ Jia jVl ^ 1 $j 1& Uaj*j ^ cjVj^I o!a j t transformer 



CjliLJI ,> UjA (jj£j dip. 3-windings transformer ^j*j <> j±\ ^ ^ U '£1 

tertiary _j Ail ■ Ajlljli Ai djliLo di Apjl^ c_al^jal 9 Ijj^l cli^o limb (J£ c. 

.dJljll <_iLJI j windings 



^jjiuiUii ^pi^jxui a! dilliUI c-flLil) liA j 



l>°j 300/132/33 Jld2l <_W“ ‘ pri/sec Jl *■ <11^ ■» clA) JjVi ^»l . 'iVnu VI .1 

. ^ I . dV 1 ^pJI ^jjqI^A a /jj ^ ^loiV ^ ' A"' l i j~i A H 
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jl£ til UlojV Zero sequence currents Jl a\u ^ji *jj j! J^iuaVl .2 

. 8-3 A A jl VV (J£juj 




CllliLJ) J 4-^jVI • 8-3 

□ 
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>» 



lill _,UI 






Core and Windings Olom 3 Uiil : iJUflJl *|^| 



: £>\J\ J-oflil 



0JlpLo 4I dJl«9 



: ^p-oUJI J-waAJI 
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jij ^ ^ ^ <*— jV 



grilrtll yUl itiif 



L_li£jJ JjjLuJ) (jc* 4-1^1 u^ 6 CIjV^aII Aj^laiH (JjjjojVI <_£-lxJJ V (jVI Ajjuj]j^ ^aJ Li 

j x>\l £.1^1 j (_^4*_jujJ 4_joj|^)J ^9 (jl j t AJ Ajutl]| Cjla^Li]) ^aAl j t ^LlujLujVI ojj^aljc- j (Jj ^ a 

. J £jj ^) 3 L-Jlil! L_jlJ( ^ ^cJ) l^jjjliik) 



58 



http://www.sayedsaad.com/montada/showthread.php?t=71630 



jil! CjV £^>a3I 



dbUJ-^U 

ULJI, -iLdl 



\\~ 4 J< ii ‘ ^ ^9 A iLL^aiall LaAjjk-aUc- laJ ^jjac^oa^o ^Jj l_u^j^ a juakj (jl (_f^ A ) 




(Jj^\ a\\ A djljj)^ a\1 l 1 4 



<c>ja^ a\\ 4 (4 Windings dilii^l aJ^. li^iLo ^6 Oor6 L-ilkl! (Jajujj :^jV1 acj^^ a\1 

. Active Part JUill *pJL 
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. SJUill jjc. jl Auxiliaries S-j^Vlj lJ^)XJj A_iL ^jJoJ : 4-Cjxi'N^'i 



: ^JjLg a x >>"i 4_ijl!JI ai&j 

(20 cj ij)1I (11 <4j) ojUacj (1) i ( Tank ) <j|pJI • 

Cjl^uJaAl! 1 ^_j jj^Lj 19 ^Sj .i^iJI cjjjIji • 

c_j \jAj (17 ^j) c±^\ JL* ajI KU j ( 16 <4j) ( Conservator tank) ^jj)11 j^I *lc.j • 

Breathing unit j^vJ i 4 (15 ^j) 

(18 ^j) Buchholz Relay jkjj Uijj*-<JI ajU^JI jl^ • 



. (jl IjjVLj <Lj)jjj Ajl9j ^ (12 ^|j) ^ijll djlila. • 

(21 ^j) • 

Corona rings aJ ULJL (13jl4 ^j) Bushings J^jj c^ULJIj jtpJL ^Ja^JI >-a Uc. uJt&j • 

.Ujjcj (2 j 5 ^j) Yoke Jl cjUcj ( 9 j 4 ^j) Tap changer j Skirts j Flange j 



(_£_^l Ajj]j (j£j (_£j£]| <«— ^ ^j^alixJI ^&l JjjjjS 2-4 (J^juJI LJ 



^ULJI A^jl — 1 
H.V. bushings -2 
L.V. bushings -3 
H.V. tapping switch -4 
H.V. double primary voltage switch -5 

(Jliajll !>Lo <Jak3 — 6 
CJ JaUl^.YI (iljtJI Jc. ciu)]! jJjj-* — 7 
Sjl^J! — 8 

(^jlj^l (Jlx^ajl AJa^j ) (J^-xJI ^ij A_AiJ — 9 
(jlaJjlj AJaaj 
Clujll dsliic. l ^loj^a 
jjjuJI C1l)L^c. 



-10 

-11 

-12 
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^gjjLp. jij ^ ^ ^ (_£j£]| djV ^p^pll 



£ 

^Ju JlpJl (wJLfij) fLUS£r3$ gxi^L) : J5VI £j £> Jl 



( Core ^Jl ) ylill 1-4 

C at^tl ^JakJ ^JiLjj ^j\S±$\ c_aLJI ^jllJI (_gdiUI ^ k l j^J ^ ^pajall (Ja^-J ^aks^a CjV<)*s a\\ OOT0 Jl 

li (ji 4 i>j (j^ajiil aj& (_£>^ (_^JJI jIjouJI IJaj .<j^ 1!JI L_aLJI ^ induced voltage di^JL ^ .aJI .JjjJ (_£^jUI 

• CM Aj9^3Ljfc^a ^ ^ . n ^ I d \m /\ 



JjUll ^gJc. (JSj2uJI J cdlllpJI 4_2k^Q ^llpJI L_lix-all ftj L<& jp 0*3 HTI Hfl iJ A. j tl ClJJ jp I iL&C. (Jj^ a] I L—liflj 

jp j^jj L£ ^Jl liA j^Aj , CRGO _> j; L^ik l ^j*jj . ( Cold rolled grain oriented Silicon steel) 

i ^CgjuJ cIjIj^Lo 



4 ( Permeability ) 4 jnn Jl ajJIAJI ^UjjV j^laj 4 j^nJoUx^JI AiUall J_Jlc« *^li£ a . 1 L_iL^a]|j iL_iL^a]| 
. (J^-xJI Se.li£ (> _ 5 Jc' Jic-Luaj Lui eddy current Jl dJ^jiiLa jp ^>.a.a (Jsl ^ j ajI 
.eddy current Jl jj! JjIVJ (JjLuJI jj^fLilpJI s^Iaj Jl lg j ^j]^JJI (Jjc. ^jj du*\ : Jl 

tiLjuJI ( 5mm ) ^l^p. 4_Jc« lg »j n«di (_£,JI tiLujJI jp L_iL^a]| ^jjjjai JJ^p ^jj d n^. I .ijlJI cs^ 

(J-dxlJI (J^jaiJ ^gH^. cilli j <jJai^Lo Sj^p. 4-2kp ^ (J^Jp S^c- Jc. (0.3mm ) (JjpxJI ^ ^Vunj fljjaj c^JJI 

. (_5 j ■ wll L_likll j)Jj£J ^aJalLa (J5 1 m j lg * j)^q t j 

c ju j V jjUll ^ <lajJI 6 UjI ^ c_iL^JI cjI^L l-jjjjj dip. : grain oriented dJi ipJI Aj^JA 

. ^g xtij)nUaLxJI (j^ijq'l jjj-J J^djlLd 



t ( Webber/m 2 ) 1.8 : 1.6 o# ( Fl ux density ) u^jiSI 3iti& ^jlp ^51 li* 

^^j^JI c_Jkll c > i n an dip. ^^j^JI c_Jkll ( Saturation ) ^idj cjiun c5^JI ^Jl Jj ^Ail sjL) j 

. l^_ia ( Harmonics ) djLA^Ijj j^Ja j (JiidJI ^ai^. 



^5 Ju J lpJI v-JLoll 4&tu£ (j 1 oJl3u^4 > I uIm 1-1-4 

\^1 a 4 ^Jj^aJI C_Jkll “ic-tl^a ^.^Vu J ^glJI S^LJI ^gi J^ljJJ jjl C > 1-Nj djLujJ 6^C> tJliA 



62 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






Permeability 1-1-1-4 

l-i?. aJIc. (JjSj ji (>^Js t o^' Jii ^ SjAill t jj j^jll j IgJ j^jjj Permeability Jl jl aj^LuJIj 

L-iajl c b^-11 (jli 'j . ^ Q t-. ^ jjc. (Jjj^ all ^22 ^ ^ ■ 11 Vlj Sjj* > A^LaUi ^3 ^llc* 

Soft 31 i3 A ijauJal-lat .31 3jj^3L AjjlLa 13^. AjJai^LLa 4j$.li£ ‘■** jlaL31 (j3sLi3l (J^j ^3 4 33 ^Jjuj1 

• fto W >J^ J&J *W* c> *^3j *>* 1500 fj\ jLx r ajjjoij Permeability 1*1 Iron 

aJUJI C 3 l 33 j 3 l d 3 & jV ( 20 kHz c> Jc3 ) 33 j 3 l aJU- c3V^~31 aJU* ^ V] (Jail Jajoij£ ^3Vunj V 9 

^>j1j 3]| ^ S3lc> ^3 ^JjojJ CllV^a^ a3& - j x31 (J^.l3 <_£3 j3^, L_33 J^Vwnl aJU* ^ l^a. aJIc. dltajlLa ^ c - 

. <_£ j31 A_i3 (j-Q e’unjl j t A-ijjjj^lV ! 



.3-4 ^3 La£ ^Ij^Jl L_3al] ^nwhaH ^a.Vlj <_£3 j 3^J1 L_il£U ^n^haII j^a^ll Jj£)s31 fAL? 




(_£3j3^JI l_ 33I i 3 4 (J^joi 



.(_£3j3^JI l_ 33I ^l.^Vnul aJU. (jj3<31 ^jjj c_flLjaJ 



5^1 2-1-1-4 

^)jj-o 3jc. j! Saturation 31 Al^^a ^3 at^jolj (J^,3j VI a j^jIiUxaII S3L3I ^3 a_^jjjj3I A_ijl3l a_xu3I 

33c- ^jJaj l-3£ 3lj L3£j i a 13x^31 S3L3I Line-up ^3 c > n^m ^ n,n)a 13*^31 . lg_j 

3]j- 31 jlnl! A^oJfl ^ SjIj) l $\ ^ UaOjj ^4 jujj 33 c_i!3i (jl (Jjij Ujlfl CljljjyiJI Ail£ iili 4 C_ilk]i CIjIjj^ (j-o 

• L)^}^' <jA Sj k) Wflsj V <>ajal] 
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jij ^ ^ ^ (jjall dV ^^.jaSI 



c5>' CLum 3-1-1-4 

.^aiSI (JjSiuS U_i3j ^jjjjai (JSjuj ^^Ic> d^USI jj£j jl ^i' SA *LLLoj (Jjj^aS ^^9 IajjjIj jc- i** j wtl ^jjuj (jj^.1 djUuuj d^c- liJljA 
j* J^aj c*tti Jc- jasu ^Ij jAx^aSI Jj^aS ^su Residual FlllX -SI <• . ^q\I ^ ^Qn^ll j^uill 4_SS Idai Igdaj 6 Ailkll 
.(db jiidl Jj^aa) £j>ll cjIJ! ^ 4 Utill dIa Jj^. Jn^UMI <j* u*SLaj . Hysteresis loop -Si 4^1 uoa 



(Core ^Jl) ulill grtfci 2-4 

i ^L^oaSI Core SI £_iA 2 kiiS jlijjsL-o jUjSjoil ^JLia 

Core type .1 
Shell type .2 

4-ljaLlSatlat .\l SjIaSI ja L_iSkSI ^-idaJ ^aJJ jJJjSjoaVI 4 (JJ^.1 jlaSidj Jataj jl^LujJJ jLjSjoiVlj 

4 jjQ.jt-»\l l_Luj11aSI ^uiAj-^adSI C > U>^ L-jUsaSI i4xunSS ( jjWjjjui (JS jaj (JjxSI £-daj £a j 4 a^u^II 

4 - 2 j-^ 130 4 -iSlc- ^Aj ^ USlc. fiber Qless jA 4 ^j lajljj 4 )^Jjj Ua ^j^^aSI &, 1 a ^jj 

. 4jjja 

4 dAac-VI jl Limbs j! LeQS jl (J^LaSI ^gA.d 4 _laIj s.I^.1 Cy* jjdj^IaSI jjSd ^Ulc- 4 _daj L_iSkSlj 

dUb (jl 4 lj^. c <nSj V ^iSI sj^JI jAj 4 tiiaSI jl Yoke 1*a 4_laI^SI $.|^.VI -Sajj ^isl 4 ildVb 

. 4-4 lS^SI ^ US 




^IJI L_lSkSI £.|^.l S-IajuoI I 4-4 (JSjA 

50 el (JS jL Uk 4 j^iSI ^gi jxj^aVI dV^-ASI 4^al^dLuol jjSj Core Type (JjVI ^j^SIj 

. (Shell Form j AdliSI Aij^laSlj ^ *i » a\ MVA 
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. 5-4 JUJI J* L £ i (1-0) Single phase Jl c £-A ~ '~^''' ■ L' 1 /jl ^j£_AJ I ^ XQ y'^j J£j 




Shell Type Jl djV^xij Core Type Jl c. 5-4 JU 

^ tMjloljjLxill ^)ljoui jli Core Type Jl <11^. ^ia 4 Core Jl cJ^ diliLJI ^jjaj a_Jac. ^ ^L^LojVI 

^jI^JjVI (jjiLJI JaJjJ Aii^JI j| LOOP Jl gJ&j 4 5-4 JUI (j-a (j-ojVI ^j^JI La£ LOOP (jjfLa 
J* n*\ 4 ClilaUI ^)j£VI sJ^SL lijVi c > Ml <jj£-JI A \ *Q» <<JI ^jjjJJI ^jli Shell Type Jl a1\^. Lmj 4 
(_^HI 5-4 J^JI cl>^ ^>^VI sJ^JI C 5 ^ Two Loops <SL^JI &J& ^ ^ ^nl-itix^JI ^LauJI 

.(1-0) Single phase Jl cS^j^ ^ j. ^jLoVl JL>J' 

^Jl (j-° Jj)^^ (JLgj c^^l 6-4 (J^juJI ^a 4 L-iaj! (3-0) Three phase _JI cij ^_^a ^jjj^LojVI ^Ia^ilJ 
3-Phase Shell-Type : ^jJI ^ JL*j 7-4 j • 3-Phase Core-Type Transformer 

Transformer 
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primary 

windings 

secondary 

windings 



Core Type J cl^j^a : 6 -4 




ajE)u\\ Shell Type J! cJ^j^aj : 7-4 



phases 11 ^ja phase (J£J ^s!a\\ c qljj 4 s.iac.1 3 ^ja Lj£a L_ilk]| cs4i 

. ^ 'vli L_kLa a£j 3 £_jJajJ 4 Core _ 11 Ux.o!yLa ^11 L_aLa >■ >*j j du^ 4 (Jj^alLo ^ic. Aj^^IjII 



Core Type tl iibjia 1-2-4 

Flux (j>ijqll cilUA q^jjuj 1 4 q Vi's a Legs <* qIaIIj <* '^\a\\ ^ja ^jjaj 1^] 

IajIj 4 lg >>s\r \ (jc> 'cs^Vua djlaLJI c* 5—4 (J^aII ^ sj^l^aII Sjjj^all Ji^kj lllj Leakage 

• 8-4 (J^jaII l a£ ^jjjjLtOA 1 a) >, kfa Aau Leg _1! (j^ (jja^iLa ^j^IaII ,w*na 
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L.V Insulation 



H.V Insulation 
L.V Winding 
H.V Winding 



Laminated Core 



Core Type JI c : ^ dliUI ^daj aI^L : 8-4 JU 

. 9-4 J< ^9 Ia 1£ L_ikll (Jj^ dJJI 




(a) Concentric, (£>) Interleaved. 
lJJI dULJI ( xjJoj i 9-4 



LdjJI ( ^uaJj pistil JI CllliLo l^9j9 £jJajJ Leg JI (j^i^ IaII JI CIiUIa V^l £jJajJ ^jVI AJjJI ^9 
^Ul Jlj (jiai^j-JI ji^-sJI dliLa s.JJ (jjj JL& (jjfLia A_ijUI aJ^JI ^ U t Ooncentric (jj£jJI 
Ullc. VI aw! ^jliJI cJJI dlalo (JjVI dLJI ^^9 ^dUI ^j>ijqll ^Jaaj q \ JI awI (jjjaj^lJI 4 Interleaved 

. Flux leakage JI JLj dULJI jjj Coupling JI j^Vn ^ c>j 



ll&j .AjUJ ^jiai^jJI ^-Jl CIiUIa (jJJj L-JJI (jjj JjJI AiJaVL 4 (jjdaJI (jjj £-djJ cJjc- JL& £-JJIjj 

Jjc. A-JaC. J^juoj Jljj ,jdAdJI Jl£_JI dliLd ^ja jA C > 4^11 Ja-JJJI ^IkJI L-daJI Jjt_ 2 k L_nJl 

.^dlJI c_Jall 
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^gj^Lia. jij ^ ^ ^ (_£j£]| <*— jY 



Shell Type 11 iibjls 2-2-4 

Leg _!l jli 6 (j yj k i, j Li \* a ^lj Shell Type _ Jl aJI^ ^jg^ij La£ i)al " s * 

IjlAj t Yoke —II ^gB 4 LJjl^laYl ^Ic. LegS _!l ^gB -La£B (j.ojq\l l q > ,0 'i ^oj LailJ LLal^ l^J ^jUjuj 

I k^* J (j)J^ (jl*-jJajjB djl&L&l! Lal . ^g. Li l L^jti Leg _!l <L^Lai-a C <L^aj lg » A_^.Lua-a ^jj£j s-j^YI a 2 lA ^jl ^gB L-UjuJI 

^^]| |^& a_j>uujj (. ? ajjuJI ^a ^^gl^l-ill Limb _!l ciiliLa]| . 10 — 4 cJ^ ii ‘ ^ ^gB La^ ^g L> k nj\i Leg _ II 

laJ^J ^Hil ojjuoall A^Jjj ^IxJI (J£juJI <jY Ajjjuaall CjY^^aIL 




shell type -II cIjY^a ^ ciiliLJI ^.jJaj <L>la : 1 0 — 4 



11 4 (J^joJI ^gi Lo£ 6 ^LJI >11 dlULa l<ag m (jLajJaJ (jjL^aj ^gil ^aiaA^ll Jl^-sJl dlliLa JBj 

. \j\ >iml ^)j£YI <9J^Ia]| ^gA j 





(jj£jj.Vnti\l A^J^laJ ^j^iq^^llj pistil ^-aJI CllliLa £_jJaj • 12 — 4 (J^joi 
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• l_j^juoI1a1I ^j^ajal) ^iil) (Jjisj (j-* 4 ^-^jj <> fl^-Sjj 



gxLt^xll ^libjis gu (J^jiJI 3-2-4 

^ jn^vi ^9 Shell Type _JI AjL^Jaj Core Type _JI AJL^la (J^ ^ ^jl ^a^LaII &. 1 & ^jSLaj 



I* M\ 

Shell type Jl a!U ^ a£L i UjoI qjSj Uiu 2-Limbs LuJ jj£j ajjU .^1 Core type J! aJU. ^ -1 

qjli Uiu Shell type Jl aJU. ^ ai« J^t ^jjjsJI < - M .k^jjJI JjJJI jj£j Core type Jl a!U ^ -2 

.Shell type Jl aJI^. j ■ --J ^j^L^JI < JJ L> ■ Jl J^iJI 

Core JL 4jjli« (^UJI cjUU Jii jj&j ^AUaJI ■ . M j£) a^Iu^ a] Shell type Jl ql Jjjjud Ia ^Ic. CJJJJJ — 3 

• type 

.i iT.^,1 l^'Vil n^i (jll Short Circuit Jl ^ jj£I Sj^a IgJ Shell Jl aL^L -4 



ulill £ilj*i gtfttii 3-4 



. Ia£ S^AxHa (Jl£judl IgJ 4 ljj£,2 4 J *Q» <0 (JA ^ n^lj IajaC- L_llk]| 




qgic- A qfo's a\I ^jaVi l^ja Blltt Lctp ^a^u 4_aj.29 <9j^L Ig \a 4 L_ilk]| £_ia^j] Jjj^a 

£jJaj ^ LjJJJJjl! )i& L Ogjj .^4 _ij£Ijj j\ 4_iLljj) 1 3 — 4 ^ Ia£ 4_J^)9j 4-i^jj djUfL ^I.VsuAj ^JJaloiA 

• Air Gctp tilliA ^jj£j L_ilk]l (J^. 1 ^ ^ x^a ^ nn)*»UxA]| aajLoJI ^9 
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^£til! l - ia>jj 4 15-4 (J^joJi ^ La£ (1 Cjlii*Jlj Yoke -II a_Aac. JJ JaHij jju^JI a_Aac> ^Igiiil .iajj 
CjUj jLojJal ^2 ^j) (5 ^j) A_Lajjj ^LaLuua J^ 2 lj -la^V • Yoke -Jlj A m II jJl (4) J>4I J^ 2 lj j-o 

aJaxII ajI^j l_l^jj 6 1 jjj Short jj^as Ji 2 kjj V$ A_iii*_Ail ^jjjjuJl jc. L&Lgj V^j*.* jjfL jl l_l^j Iaa!> 1 £j ^jjjjall 

bja-jl (_]£jud]| ^^9 laJj . ^»jl 100 jc- 1 llj (J^xJI A^ajliLa (Jsl} VI <* > l^> j <-** ^ ^ A Lk41 d3a j-a jlg-^J ^£till 

.ojjj^all j-o ^)^VI L_ul^j| I^jV JaJ (Jj^-V I L_fl|^LVI Lai ^8 ^-aJl CjULq Jl^v L-sl^Jal Aj!>Ij 




c_Jk]| c > \f\y Jjj^alij : 1 5 — 4 cJ^2j 

Ai L-llli (J^ IgJilj 4-lk^a]! j-G Alx^aXQ A_^JJjuO ^al.l^Jjaj| 6JJ3T inoll LqJjujV L_likll Ac.\\k^1 ^ C f> yWVl (j^lall j-Gj 

(J^ djlil S^C- Ai^iLo lg \*\\ 6^.lj A_^jjjuo jc- ajljc. A_l£ L_li4l jl (_^lj ^jj^ju4l (Jjj^a^il ^laul 

_ll jl AiUiaj 6^_>a (JIa*J Vj (.4134 A— ill lAJjajj j£-aJj ^joal lg-jl tiLuoV A-9J^)la]| a^Aj . ^Igjaiai 

cold-rolled grain-oriented sjL ^^kiaii aJUJI <>3a . Jat jj£j aI^LII cJall ^ Power Loss 

^ 2 j a ) o ix <41 ciiil£ I3j I^-Lq ^j) u^ix>\ 1 L_iikll ^ 6 jjaLall Dj^ill Lj£3 1-^ t sheet steel ^G.R.G.O^. 

. Rolling Direction Jl 6 U^I ^ ^ 



^JljJlpJI jAjjIj 1-3-4 

j\l (jc. C > nar j (J4 1 m j l^jJaJjlj ^aJJ ^jl C > A_l 2 kjLiJI jl A-ilkl^l Ijjuj (Jj^^ll A J v^ar ^11 

^|^VI (j-<» Core 41 Lo^JI X\*°i c AjJsjjIj Uiajl c > Core (J^-a4 ^joliL U i^l! L_ilk]| ^jl 

c > nVn 6 cJI^aII I^A ^ Ajtaljll A_iiA*^4l $.|^VI o3a c_jj^£jj 3 6 ClslaLJI ^jjj Llij A_ijA*-4I 

Ajtib SjS JjJJ (jl j£xua Vlj ^A Lo (J£j e* n frill dslj^lj jl^Jlj C_J4I (jiajjlj c j^kj L-JjCj-d Jjill IjAUall 

71 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






http://www.sayedsaad.com/montada/showthread.php?t=71630 



j j a ^ a j £^.^21 



Oy$p4>l Glilo : (jUJI cj^Jl 

♦♦ 



uKjmII wlik 



4-4 



V^C> L_ll2l l ^ x -^»* J ^jc« 4 Jji^xa 1*jU 1 £_lASbj 4 ^iLl]| ^A^Vi (JjjL^2I ^ja aJji^xa ciLLoil ^ja 121c. C1 i12a 1I ^jj^aj 

<2l*J( 4 j2j 13 : lg_La L]jA 4iV CIiUIaH <c,\ik*a ^ A 2ja 1) ^ JjVi (jjjlaall (Jj^jj .LjIj^££ 

2% ^2ja (_£jj^j (_£2i (jjjl^alli 6 <j dJ^jaI) L_u)jjud]( Ajjoij LojL2 lJ^jjj 4.a.ui 3I ai& ^jU L2c t Jjj^j21 

(Ja^jJj ,1ui£ 121 £^2aJ ^2 (jjjL^-Ji L]jA U^J * 30% A JjujAJ Jja^ajjll AliLli ^aiaJj ^cJJjjli ^ja 7% ji ^ja 

. (Jj£juoli]lj L_1^ju2I 2^ w ' 4j| Ia£ 4 ^1^211 2^ ^'J LUc ojlg til'll 4-2kjJlj L-jJa^)]! 



^jJJajIVI (Ja t. 2 a 11 ^-L^aJ 2jj . Aj jloll jLnli <La2j 4 >'i <aj 3 C_£2Hklj ^I^aII 4-^.LaiAj (J^xJi 4-2^p cJlli^Jj 

V )2j 6 A2l*J( CjjjUjU Ja^j Jc. IjjlS <lx_aJ Lnxuj £-l2L2 <xa \a&1 <* Jalj Ujj lJl^J <j) 

.QJJ» >.s-i\\ CL^j^aW ^ (JJjjuj 




Mechanical strength 2! c> Wp J&S jUjal cjliLJI jjjj ^^2! G2! jjj Spacers <Jj>a 

£A 6J_^A (Jj2aJAj IaIaJ IajI^ C 2a 1I (JIaJ j! Ljajl (JAjJaj C^U^J 4 L-221 QC, C1)12a1I (J^xJj 

.Leg 21 Axial Center 21 
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jij ^ ^ ^ ^gi £>^g]| 



. 1^-ajuoLj ULi^l (Jj^aj-oll ^^gjujJ Idj ASX A A^jjuj ^Jb CIjV^^aSI ClL/L^a^d A_>lHdl Cljl^jjud]| ^)^juj|j 



0^54) j Transposition fl J^£ 1-4-4 

^»JJ a\\ Cl^C-a^dl AjZ* 1 UrO JliOj , 4 \ \ Jad x u ^ jl A-lj.W a (d^LujI (J£juo ^ic. lillo Cl^lx-aj-dl id^yLoil q^Lij 

^xLx.tij j Transposition -11 aj1x>» j lJ^u ^ 6 Idle- uj-^ l£^I Jj^j-dl ^-LLd ajjSugII cjlsuJall (Jj^Lj J-^c. 

.17-4 J^JI ^ l*£ Continuous Transposed Conductor, CTC JL W>]dl <*i^g1I Cx±^jA\ 




cS%^j2\ ^ Transposition J : 17-4 



A Ajaiij (Jj-aj-d] J^ll ^JaLdl (J^l^ Ludjj <jl (j£-GJ (> _gdl A_lgIj.i]| djjjLnl! £-Lg j& A_iLixJI D^b (j-G c llj 
A_ixi!j^ C1 j]jIjj Ig'Wj n Jjjj ClAkfUl (j^asu (j£ >11 ^ Jjja Lailia ^^jjouI! Igjt-jJaj (. ju*n (j-a Aill^G djLjl^nd 

. (j > i* d l 1 $ x >i* j (j^uiaj Transposition -II lWj 6 J^j^l ^ 



uliUI fljil 5-4 



<Lgj2j Aj^lladl Cllliill s>lij AjujVI 6^b (jjj ^Ln^Vl Ullc-j 6 CllUldl c_all ajjg j uLg AjujI <dU& 



.aIg^j ^5 ill jIjjI! 
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Helical Winding : J 3 SII £$ifl 1-5-4 

a AAxlLa dlliila ^jC- ajUc> ^Aj 6 ^ajuoaII (jjoAil lgJ£j 6 Ajjj^JajuiVl jl Spiral — llj _jl SCFCW -llj Ljaj) ^ajujJj 

jjjia. (J*jujj 4 jI A jluu j 4 A-Jlc- dil^Lj Ja^j CjlaLJ] )aa ^^jjujjj 6 Clilaiial) (j^j ClilalU I^Id 

/ojjjlaxS) 1a£ ^_n x «ajll (J^-jojj IjIjj 
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jij ^ ^ ^ (_£jJI <*— jV 



Disc Winding : J12JI £ 31 }) 2-5-4 



j Iqjq-v !Ah Ja^Jj ClllilH ^ja >>> ^gJc. ^gJI CIjV^aII ^4 ^a^kjjaLj li&j 6 C_fll]lj IjJojI ^^ajoUj 

e^li 25 kV (j-o jj£I LS ^ Ja*j <^11 Winding -II o\* IJlcj ‘ ^>aikidl jLulIj JUI >11 ^a JaxIaj 



Disc <Ja JliLuVI (jl Sjjj^JI -laa>V . 1 a£ Jj^aljS lg_iiJ DiSCS Jc. ClAalll <jj£j dip. t <L^IJI 

. ^ oL'^ 4-daitj \\ \ ^JajujjjJ 4 \ \ ^ *^\ 1 ^ o> ^jj 



• Jaaa Discs 



Jl (JAJ (JjljC> (JllA (j£Jj L " jlaJJI (jJJ (Jjl^C> <Jlj& (JjjJj Jal3 Cldd-a^JI ^^lc> d^j^ja (JjIjjJIj 
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Layer Winding : dJlifl £$ifl 3-5-4 

(jl*j diia. Load Tap Changer _j jjji CjY^UI ^ -v^-, Ai>UI sUj t Barrel Winding Ljai 
. Tap Changer Jl ^ \ a<.~ja Sjj^I ^ l»S Winding J *I)J 
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jij ^ ^ ^ CjV j^a 



Ban cake Winding : galjJI £ 31 )! 4-5-4 



<. - ilkll ^c. 4 jnti^k ^gJc. L_flijj Shell Type _1! ^ L^**^. ^^jjujj ii& 




3141 gLiLo 5-5-4 



1 a m 4 AjIHaIIj 'jj^n 4 ^ jJVun<a jl LjjL La] 4 ^jLoiSI jjj-all ^9 ( 3 ^ <* '^aW ^JaLo 

AajtLa (. q» x>>! SjjJUb-all l“ ^\' J.Kuii^ | 4 li£j 4 an n^ ( ^i 4 a^ui^H JsI^aII 4 _Lj J)X<uj (JjWnuxaSl ^JaLoll 

4 jUrt-s Jj^aljS 4 Jajuj)jj (. jVqll (jjjj CllliLJi dAc-j^ !>La ^jj Laj-<aCj .ShOft C i TCU it £ s-Lj! LaJjuaV 

.4 j^nl^jxAl 4 _A 11 a]| 4 _ijLJI ^ja I&jjc- jl 



yY^All uj 



I JjljiJI 6-4 



Cjliiia (J3*J ^ 



La Ig \aj l“ W‘w,m La tg \a*i 4 ^ Ijjl 0 ^ IgJ lL^j^aW 4 a^ui^H (Jjljjtil 

. (J ^wll L_iikll ^jc. CIjLLJI LjjtJ W‘u,m La Liajl Ig \aj Ig x>>» j ^jc. 4 j v^ar xa\l 



^)JC.j 4 j«_i 9 j A^ILujL Clj!yL^aj>a]| Jjc. L)^ -^ 4^-3 4 Jj,Wx> til^yLaal LxOVhmI s.!jjuo2 Clj^L^aj^i] 4 -it.tulL Lai 

Lai • Enamel -SI s.!>Ua I&^joiI dj!>L^aj-<iSI ^a 4^^jjoiaSI (JjIjaIIj 4-^.Laua (Jad l^^S s^.li£ el iLj 4^jxun 
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Synthetic ^li^JI ^USII jl Synthetic Polymer ajc-Ux^JI cjI^JJI Ijj^ <ul,iaiJ Ja ^jjll J>J1 

. jjj^JI ^ L£ Kraft paper Jl Jjjj <1 ^Vu>n IJUa Aib^JI ejUJall j^j J>JI LI .Cloth 




J$ptU Jjl^fr tJuaguJI jruU 1-6-4 

L_LuLkj 4_iaJ Jj-* U ■* V^IL t_Jte ^ <UjlxJI ^.j^VI j] llua. t 4-j^ala. j]^al ^ A c > (Jj^xt'l ^ jxiV'i Aau 

(JjsJI (j^al^a. La 4jjJa^)ll JataJV L1L LL1£ (JjljjJI j-o A-JC^JI ^ Jjlc- (Jjjj 6 (JjL jj!j£ l 

jj^al ^2 lj ^aiC- 4_1L jl ^_L-a-JI (J^aLI £"!>La] 4_1L ^3 j . 4_J^Ia^)]| i^lal C. qjq'sMI (Jj^ a\I ^jia^sUJ lilj . l^Jil 

jiy&t til lij t jl)aJI iVja ^ Induced Currents 4jVJl d^L jj^j ikLjj a_L dliLJIj ijKII i ^jj L^aL 



JjaLI ^joi^. Jja. *j|pil ^JjL ^Jaj t ^ja ^j[p. Jjlxj Jjjx-dj (j|pJI Jja. t_ajiLo L_aLo ^ AC current 
jLull 4_ia jjaJj jl)aJI iJia. JLk jAJxa ^ill ^ ^nla tixLI JLLI LjJ ^iadLI daydl c_aldl IgJja. fJ Vjt 

. Clijlij jj^aJI La (J^a 4 _JaxJI gL (jl (JjJaSJj <jjJa^)ll j's fna A_Ja.lill £.|^a.VI 4 j£j jauojj ijiic-j i A ^nj 
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jmWIJ-JID 



»jaal)Ij Ulfti jjL&ll -* Ijaljl 



^ — i — nn 



IaAj 4 djlaLiS|j 4 c_ikll LqAj Active Pcirt (Jlxill ^3^^ ^D k Iaa (Jj^ ^ (Jjjjc La 

<LajJai<a ^^aUc^j %Cc»Luia ]1 (j]3^^ (* * CaJj (JL«-9 ^1*41 *3?^ Cx_J cilU&j 4 (J^- 0 (_£ V AJjoAjojV I Cljljj^'l 

(jl ClLpkj . 4 ^l^^jjgil (Jj^ a]I L-bui^ ^9 laJ (Jj?^ ^ tV' JjJ <3^-^ ^3b Cllljj^La }J . LbjJC-j 

. AIIlo&Ij C!jV<)^v ^1) Cluj ^jo A^q3Laj 13b l-lijjui3 (Jj^ ^ CIij^j ^>3.3 j! 3^ k ‘ l * j 3ajjjj $.\y^i I a3b ^ 



Jjtoll Ajj 4Ulj 1-5 

CjjjjII ^Lo^laxo ^jj^aUc. Aj£j I* 4 A_lSj l*ag \a (JilL <3|>^ 3* >.. Ut1 L_ilil]|j lUlxill Cl ±3^ (jjj-a3tj q \ 

Jajuj^ll JJ ^IxClVI — (J-a^Ji — SAxj i>3b C^IaJ — J^b^l — — ellLkjJaxJi^ 



<jl Cli£jJ 13 (Jj^^ A_ii3.l3l *3|>^ 6 c_fljUa^]| ^Jbl (j -0 jfixJj 4 A^Cill ^b Clu^ (j3 ^4 $V | 4 Qjfo 9 

o 3b 4_JJ (Jaajj j CliliL3 yjj aJ^joij C^l! (J* U*n C* u*\ 6 ^jLkll IgJaj ^ cj u^ll JjJaa] L>^J 6 ^CjCjuo Sj^ja^ 

^^3^. (J3Lk jl 4 Fans and Radiators (J3Lk 3 -0 13 4 ci± 3^3 dc^j-< 3 *31^41 c^A 3 j ^ 6 ciiliL^ll 

. 1 — 5 ^ 3^ ( ^ 5 j^st_x4l j eLu^l ^jjj ^ ^jjj>i3tj]| 
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C1jV^-a]| i^JA LjJJjujJ l 



1-5 



Jjj^)laj djlaajJ (j-o £juj!j C^*^° LS^-J * CliaH a,lA C^la ^^j-lx^ll Cl la^ll djCS (jlxuCalj 

.Flash Point ^t^Pj 4 Pour point <jLl*JI 4_Lkij ^jjllL jjlxjj cljUujj ciu}]! ^ jaijH (jl <■ j>j 



ciu^li i Tank. _l)j <. t M\ j ciAaLJ! (j^j 4 lg_jjax_>j ciAaLJ! i j±^ JjlxJ! jj^ cS^j^aW ciu)] 4_ul^il La I 

(Jj^aJ Dielectric constant Cl 4_i]jlxJI (J-alx-a (jl i^U'Sj 4 m 4_i]jlxJI .lajjj \n (Jj^aflJj s-V^A (J£j 

I^ja ]jjj£ (JjCaSl jAj 4 Laj^C- 4_JjlxJl 4-iljlc. tilllj CJjJflJ 111 4 ^ 1 (_£jLoij A-iljlc- (J-alx-a j 2*2 ^] 

— 4 _uix.aH cAjj^H (j > ix \ AJjlc. (30kV/cm (j^Luu jL^cVI > j 4 — j' ajJjIc- ) ^ 
<jjtLd ciu^H SjjaJla djliLJI dul£ Ia] cAliLJt (Jjc- Stress cl^.'Vl (J£j ^ u^j SOkV^cm (Jj^al — IajU^aI 



. ^I^JI <C-jjJajA l^JjSL 



(JjAx^i ( ^lc. (Jjj^aaJI jlxu 1 Ag m Ailktixill (Jjiflj cs^ < ^ C '^ JUJ ^ 4j^j\!iH j AjjIAuVI CIiUIa!! (jjj (J^xJI SaLj 

(j£-a j ^auuo a^.Ij AiLaui 1 Ag nj (jjL^aj-o (J£ (jl (_^1 30 kV\cm (_£^Luu (Jjc- u* ^HlaH ^jas . (Jja«\ a\\ 
4 \ A £ ni AiLouJ) (jjjJaJ (jl dsAj! lili . (j-iiLo]! <j_u Sjljjai ^i,hu« VI j t 30 kV Cf- v Uu Wyj ^sJI (i> u' 

t> ^ n^j' \aq \\) (JjlxJI fiCLd (jl <JLaJI oiA ^ A'c> c > ojljjulll c jWTi Clia^li (jxiil ^ j 

(j! 4 tilli ^xj (Jj^xaH jx x^il ^Ic- q\ dj^jl lilj 4 ^ 80 kV\cm (Jj^aj ^Jjc. 

(j* (jjdil l^J ^\\ lL^j-\aW till liA j 100 kV\cm <ljc. bjLi 4_fljjx-<J) SF6 ^^Vntn 

.SF6 JLj <Jj^X-<J) 1^-S^k JX j 4 Cl_LJ^l\_J AJjjx^J) ^aJ 4 <Jjjx^J) CL^j^aW jA 1^-S^k t >v 
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^gj^Lia. jij ^ ^ ^ <*— jV ^a^all 



oxidation jLa <jjLl<u £]1 CjU 1 a*J) cisj.ia* ^_L<ua ^ 4 il ljj >11 Aiiiliiii 4 

4 K/ill \^ k^x j ^jj£jj ci 2 A^liu ^ui La£ conductivity 4 1 n ^>jj ^gic> d^juIj u* 



.L_uljjuj Cjj.la* 2_1 aJ ^aJ 



Cj| ( ) ; iij JJ fault (J a\\\ (Jlac- CLjj. 1^. (j! i : ‘ JUac-VI (j-a -IjAslH c. 1 ju£ ^ a^jjujj cilia. Ajutj 

(Jj^aj Ujli ^ b ^*' 1 J Clu^l) (j-* 6 (JiaxJ) ^jC. 4_ajUl) <aUal] 4 yy\ j *\\ (JaJ.2 (j^a) ^a. ^gi 4 J xu£ 

.cljjjljla.Vlj (j-aLaJI {Jj^aflll (JjaLloj La£ J^a^L ^la-WI (JIaxJ) 4_iC^j JjAaJ ^ -IC-LaiJ gjtij JJ 



Aaa 



Tank ^Ijill 2-5 

(J a!\ fijjfl L-baia> lgJl£jud) J^XJJ <JjaUJj]| Cllljj^aJI jtLoJj t ^ l h \ lit * jj£, . 2 j.la. (j-0 (jj^aJi ^-L^aj 

^jj£j c 50 kVA (JsVI ojj* troll ^AajjaLj I.1& j i ^ plain tank ^ — (_^jjjawi — ^ In x n a 4-aJajua ^jjfLa 

. 2 u^)_u]l Clljj A-IojujI^j <21 (Jijj ClAaLoJU o JlljlLoil Sjj^aJI ^ja ^j-£ aialii] laSl£ ^JojoJI 



cisV^a^ ^^ 2 ! I^a ^Vnujj t ( Tubod Tank j <njLa* ( ( cjjjIj! ) oi>^ 

LjIjJa j^LaiA ^jj£li j C . (J£juj ^_gic. ^Jajuj AiljJaj ^aJJ C^U^s DJ^ll 4 ]qxhj 1 a]| 

• LiLal^ C - J d3^^ 



^xiLaJ ^aJJ j (Jja^all AjujVI cjliaVI ^^Jc. RadiatOTS djU|pJ) (j-o cUIj (iJUAj 

cijli cJ^j~\aW ^ ciliij 6 ui)^^ Radiators Jl o^j±A cisLa-jja^j ciu^ll c > >n ^aj 4 djjj^unW 



<x^)l u]>^ L>° L5^ c_LiLllaa. ^aJjj . (J j^^ll (j£j J^jujj c** ij^n \ ClL>La£. ^^Ic. (Jasu S^c-ts ^^Ic- u]>^ 



.^La-LaJI Sic. l^I>La. qa 



jlj 3 JI SjJIs 1 - 2-5 

. IgJ Aj|j!la.lj djU\^\lj L_iikll AjLia. — 1 
. Jjj^ajjll £jLa»*j (J-<^a. — 2 

. L— < -- i £3 ^jJaj — 3 

. ^IsljuoVI (J-<^ — 4 
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^ ^ j £p.^pll 



:lg_Laj i T3nk J) Clalq^U 4_iL 4_ilc> S-^Pj 6 JjUl) C ^** Ul d cJ^ 0 ^ ^Uac. ^^jolij^I) (jVpilj 



: ( CujJI ^9^3 ) Ci^iaJI dj^J) 2-2-5 

J 4ja.Uk) 4aj_)ji A U,„lj ' Igj^ja (jjlij ( 2 — 5 (_K 6 ^Jj 4j_jjjU is ‘ "/l^' <Ulijll (jl)^ ojjK CLlV^a-aJI ( _ s i 

Jj CljjjUJ) ^puj IAjjuoSjS <pkU)]) ^^Jc- In* jJadS 4 <*-l|;UH 4 _iaS .lij3 Uaa. Cllj.1^. ^iCj . ^ ^LuaC. 

* c — 4d Uiajl ^^g-^JuJJ j . J 




.IC-LoiaII (Jjj^alij I 2“5 (JSjoi 



Conservator Tank i^iJI tfjtetf 3-5 



<_?' (jjj Cjjjll ^ UK ^glx^aVI tiljtil! ^ n«oj C :, n^j 6 Cj u^ll ^JaUl^.! (jj.Vn^i Ujb ^Vhhj SjjjSJ! lL^j^aW ^ 

— djli^|pxi IgJSj — ^c-lw-uJ) (j|pJ! (J)j,Vn^i j! JaLn^Vi (iljtill Jj AjjIj^JI DjtLuJ! Jalij j 6 4 £j 2 Ajjlyb ojtLaa 

.3-5 cPl ^ US 
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jij ^ ^ ^ ciV^a*A ^gi ^^.^aII 




^c-LaiAll jj^aJI i 3-5 (J^Jal 



Ia£ 4 ^glx^aVI <2jl2! jC- !.lixJ C1 aj 3J\ ^ I^Jjjl A^\\\ jl IAaJ !^\ C-jl»J Util j& ^JaLil^Vl dlj\lll\ I^J AJjujL ojVI 4 

(_£j2aa A^xa! Oil l6V0l Q3UQ6 ^jjjIjIaj Ij^a ^sJ jA j 4 <2jl2l Cllj c ;, l,Kj ojjuoUa 4_j| 

CIl^II (_£jJ joA ^lijjl A^Xa! Slj'N A 11 j^xJL (_£JJ jJAjAJ 1 k>ljl IjjA J . ^1*a 11 j c. fiAjudJ Ij V ^11^. 4_J Cl U^]| 

. j|^aJ! 1/10 iia2! j*^j • visible level aI^Iaj 



All LAaC. Jl 2 kj 12 J . A a~n Jjjj j IIajj 4 j» j \k\\ Cljjll (j-*ajL^aaJ Ixjj Alii (JaI£J1 (Ja^JI ^Ac. ClV<)«\ a!1 (JjxjCj .lie. j 
[^Ia j^AJ V (illi ^^Jc. J 4 A llJ^A *jl^a. A_2kjl ^ t.s~i°\\ £a (JaI£JI (JjaViII lie. 8% A nun ^>^^11 Jjjj jl j^Aj 

. Clijll A Wn ^ IajuoII AWill j|^a. ^laljl j)A 30 % Clijll ^UjjI jjfLa jSl J 6 Cl ijllj (JaI£JIj 



IgJ^yLa. jA j^AJ <2i£j . dljll (_£jJjoA jUj Iglljlij (2-5 ^ 4 f&J) Cl ujl\ (_£jJjoA jUj Aj^AjL 1Aa 21 j]^a> Ij iJJj 

j^j jj^jjaj c* 4 Bochholz Relay 21 (JIAjjaI axj 4 (J^aIU (JJac. clj-ia. jc. ciijll jl-^j j ^ a Io^'Ha 

: Jj Iaa Ii^Ij ^aVaII jla21 



. JjlxJl (Jjjjll ^ lSl)^ 6 (jia^l m • 

. (JjlxJl ^}ii]lj 4_LulaJl Jjja* ^gAc- <21^ 4 jix-al jl • 

. AJJ^j CliAjll (Jial ^^Ac. cilli (Jlj3 4 Ijjoj) jl • 
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Bochholz T6l3y (jd A * jlv^tl *>Ja JJ SdbLoi-a Sd-la. ^)x-£atkb AildaV ^tlaJ Ujli Jaliia.'VI ciljtJI Ailda] £-A £JlUIj J 

.Breather unit JL*j 

Bochholz relay iujlsil jl^ 1-3-5 

J A&u Protective Relay ajI^. jl^?. jAj < Bochholz relay j l_sj*j L ji^l! cALA* ^.jj j 
Jl j . <-** lil (Jj^ a]| (JjL-a3 Ljajl <jS-oj j 4 ciu^II ^jjjabo Aic. alarm jiiji 

(_]£judll Ia£ ^giLujj I2c> i ^jjlLq|jc> 1 ^_j aJ^c. ^Aj . (jdl^LlI a L^ al^]l aj^ajVI Bochholz Relay 

. (. - AJjujjj Lui dJjljJI Aldld ^a£ljJJ Ai!> Id jl (JiaC- A^iijj . 4-5 

Aada ls'^ jldj ^Loj^a aj t d|)]| du^ll ^Lox^aj LjoJ Bochholz Relay Jl 

.jjUI jldJI q4 AJ^xaj (JJaxJI 'A&jsla lg-La j ^UVI (_gic«l A-i^lakj 




1 Upper float 

2 Lower float 




Bochholz relay Jl : 4-5 

Jl £.ljj Jc.1 jldJI ^ AJ j^k nil (J-lx-a djjj C5^ <La^p ^ijjj I^a. dcj 

. jldVI (J^ 3 ^ Ajjjaui Jijujl ^J] tJ^jja aj^LJI a-gIjjJI ( ^ 5 1 c« Jaiujall c > t u*n Lui Bochholz Relay 
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blj 4 J^lliLJ! 



Clu^ll ^aj£j fnN du^lU <xJjoui]l J^l£JjjuJ) S^La Q^l jA JjjaiVi (j^UI 

.lAjJJXJ L_L^J j C QJQ-v ‘^1 bS[c* y $ SSlC ^Jj^aJ S-bjJUJ 



kHjll fell* fejfaM 4-5 

l^jjojJJ djjlj ^li 4 1 >>>jl (j-a j 4 LjJjjouI) ^j>a 4 )a~\"\ 'LajIV'ua (j-o -IjV (jl£ blj 4 lla]j La£ 4 _iaA! a! du^li 

(jl (j£-oJ I^A j 6 Clu^l) (Jjc* ® (JJ^J ^ L . \ Ul ^V ( ^l^jl ^)ia^.l (> ^ ^Ij '$ 1 * moisture <j^L J,\ ) iiu)l] 

conductinQ a 1 ■ ^ ^ ^\ ciujllj - _ 3. ^ Ijj <j| LoS .AJW*inil aj Clu^l) 4 j j djlalaH ^jjj Clij.1^. JJ 
^ji L ,'y ciu^]| cs^l ^ b^l l-jjjojI ul^ 6 .b^Mj • ^4bjd]| ^ K Aa]| ^jjoaj c . \ u ^ ( s-^b-Ci ) rnaterial 

Clu^ll 4 \\ ^-v \ 4 (J-aC- (j>a Sl^ (j^ cilb (_}£ (_}aJ (j -a .ciillj 4jL-:a|^2k, du^ll *^i-} ^Sj 6 OXidStiOfl du^il dJjo^VI 

. (Jj-v a s.lg (Jb^ 3 Aii^b-o j 



Sjr^aJI 0^554)1 ^3 Sealing II 1-4-5 

lLi^j^uqI li i ojjib j ^ c > oil preservation ciu^ll ajL^. ciiLajlv^ lg j.^>» j ^jc. ciaV^^ll c. qfovi 

^j-o j 4 ci u^li ^ LjJj^jojj j( 4 xun^ ^ ls^ j Tank _U ci jI^L^J (Ja*j ^ s^u^all 

• 6-5 (J^ju^I ^ £j\ja (jj-lJ ^Uaj 




SjjmL-J I ^ Sealing J! : 6-5 cJ^> 

4 n>m ( L pt^VI ) Tank J! 5Uj Vj 4 ^j.Vn^'l liA J^b windings J! j Core Jl 

4 _i]l*JI Sic. ciijbll J^b ci ^xujii] ajjIja <a!ai-o GAS Blanket _j b 4 100 % 
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(jj£j UU^I j < ^ 25 ^jc- %15 J] %10 c>® Blanket Jl gJa . J^ldl JaJuJall ^ ^UjjI d ij^ Qjj 

. (j^jjlij jl *ljA 

f\^i z)Ji\ £> 2 A Jjjj (jl AjV cJIJ] j 4 cJjtill p A juIj ^ijjJjai Clujll )n» ^jli (JlaC. ClljJl^. Jlic. Ail Jaa.V 

. JL*JI ^UJ] J^ldl <> *lj$JI pressure relief valve 



(jl j)^ <oj 4j| ( X-l2a]l J A J. ax j jjSJj • o^xjuj (j^^jl ^JtJL ^j^£jjoi J A ^ jxu«o 1 dj >■ ^ ^ ^-^Jl Ua (jl ^llalU ^jJajj 

c Jp^JI j Bushings J! <jjj Jj^-S ^1 Flange J ^ l_uc. J ddll ^ d>^ lil ^I^JLj JL^j) ds^j 

.^tJI cjaJI La£ ^jjAll djVj^xJI ^ (_£j^.l LoJaj ^.ikdailui lil 



. du^ll ^Jajj V^l $.I^JI u ^ Tank Jl ciujll ^La (_)j3 i ^Ja^ad 

ajV j t ^^jjjLa£jVl j ^.iaJI j Sjj^JI j Aj^juo]| L-LaLa> Tank Jl ciujll la* ^ixins d).».^^ ciiV^dl UJ 

i Sealing of Oil - Filled Tr. Jl Ua (Jda (jxatJ gjjg *Ldaj| c^IUa j . 4_Lal Jd^laj djV^^JI 6^J Sealing (J-ac. 



V 5 (JdjuJI ^jjalj ^a ^jLuJI $j^JI C 5 ^ ( 3 fjuj Conservator. _JI ^ . 1 
jj^jjmll jlc. ikJjj cilj 31I Positive Pressure J .2 




ATMOSPHERIC PRESSURE 



djjj^JI djVj^JI ^ djj^l ’ 7-5 cJdd 
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^ ^ j cIjV^^ £^.^)a]| 



Nitrogen - Positive Pressure f) ^IjlpOwI 2-4-5 

a jjuiij Ic-j^ Jajjr aIa^jjujI ^»jj ^jl SecilinQ of Oil - Filled Tr Jl ^jjaIj] *m\\ a ^ Iv^ 1 (j-°j 

(Jj^ aIIj A 3^1a ^jJajj ^j^jjlnllj S^jIaa l_iijU1j aJL^J) *Laj)Via'1 ^jjjj 4 CIj u^l) JjjS %10 

8 — 5 J< 11 ‘ ^ ^9 Ia^ dlLoLaj^all ^)A a\ A^ljJaVtj 4 Cl U^ll i3j^ JaxjJa ^9 (_£l 

. Clujll ^ij s-jjA (J?\ LjJJjujI ^a^C> ^AjJaJ Jajj* 4 



PRESSURE 

VACUUM 

CAGE 





HIGH PRESSURE CONTROL VALVE " 
SHUT-OFF VALVES ■ 




BY-PAS jr 

PRESSURE RANGE. Q.5TO 7.5 PSI 



LOW-PRESSURE ALARM 






SUMP 

EXHAUST VALVE 

RELIEF VALUE 




CAS REGULATOR - 
NITROGEN GAS CYLINDER - 



^Ia^jjujI i S 5 cJ^Cu 

CojJI Juju 3-4-5 

CJJjjuij ^aJJ ajj» lL^j~\aW . ^\ij J)£\ ^ja <aj)V^ ci]U& Clu^]l AjIa^. jxu>> 

4 6 JkS-x'\C* L-flljJajS CL^J^aW ^ Ia( 4 ciljti]! £A d_LJ^l\ (JAA^ylj (J!)Lk (JA Cll^l Djj^. 

. (J^.1^1 (JA Clu^i] (JjJa!>La]|j (JA £ 1^11 a\\ ^JojoJI 4_^.LuJA S jlj^J ^ajflj] RSCJiStOT <iLjaj Cjp 0 *— 
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jij ^ ^ ^ ciA^ j^a 



$.^J1 ^gJt-niaH .1^}JJ^ A xJajlj A^Jai V 1 ai& L-fl^xJj 4 U\ 6^ Radiator )i& AiL-bL ^g-i&j cS^j^aW 0 ±*u 

. 9-5 g^ U£ Radiator J) ^ Fans ^J\ja UiL-^j j^\ <. c^llj 




djjAII .ij^jj * 9-5 



c_flLjaj 4 Forcod Air, FA 4_Alajlj a^*j !i]j 4 (jjjLaJI ^ja j&j 4 Forcod uj^ aJI^JI 

FAFO ^aIojU ^.A.LkLi aJL^JI 4 (J^l^j Radiator J1 (J^l^ a^jxuj cl u^ll t^L^j (jLajjal LjojI a a jJ^a 

. l_jU]| A^t^j ±A\ a_iaaVj 4 Forcod Air Forcod Oil, 



; Aifl p ^ 1 A 

£>i& l_ fltajj jl (JjxjujjI Aj^jjLojj! A .alVilj AJaA>® OJ^ djLkjJa-<J( ^11 jl C1 jI£^-aH 

D^li£ ^JA (JlflJ JtilUj 4 (jc* ^'V >u ^ CIjI^P-a]) £>i& g)V 4 (JaVlll A^kpJ A_2k^).i C > Utl^k 



. 1 g \)X kl\\\ AjoiLg A^U. (iillA d±jl£ lij Vj (Ja*J V( l # VNj VAj 4 aL*Jjj 
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( Tap Changer) *baJ| jdto 5-5 



^ 1 ^-aJI jAj 4 CjULII ojjujliA aJ^c. l^J J xJI l_u£jj ^ A-ijaujjll ^x-aLxJI ^aI ^.1 ^a Tap Changer Jl 
.N1 /N2 -j (s&j L_aLJI Cjlilll JJ l ,q I^ CjUII) AjjouII jjiiij (jc. <J jluuJ) 

. ailIj N 1 /N2 AjjaiiH ^jj£j 3 ojjju^all ClaV<)*\ ^1) Lai ojJj£il a \\ £-a LqA -jj£j ^jL -v\l IjiAj 



6 A^aji^JL i off - load j j-v ^ii Jj^aa s-Lj! jl on - load (Jj*.uu]| s-LjI (Jj^ii]| ajjuij jj^xjj 

jLull JlJ^y i ^,1^1 ^aJj ^U*Ii]| (jV ^LOa ^ ailll L_l*j^al <j£j C ^JjojIj Jjfll ^10 — 5 (J^JUd^ (JjVI (_}£Jj 

. Dj|p ^ C-UjuJJJ JS IIAj 4 Cjlilll ^ 




>11 Jt^l ^1 • 10-5 
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Tap Changer Jj a^bJI 1-5-5 



Jj^3) Ajjulj Cl±jl£ lij AjV 4 (J *\\ £.13 ^ (JSLul* ^ Ull^.1 <- > SjJjS]) CIiV^aII ^ Jjj^) Ajjalj CjUj (j) 

132 KV 3 IjjLuua (jj£j (jl (jiaj2SJ (_£.3I (J^.31 ~n jj*‘n (jl (Jxn^x>\l ^ye& 132/11 kV C1j^j^a\\ 21^.1 

. ^ ^ <Lgj 3 JJ**" * ^ Jt3l_>j 4 jAx^q ^jc. !3iLo (J ^\1 .Iaj A yf" A xuall ai& ^yLJa ^)jS) ji j* >^il 

ciiliLi ~j x j3j (Jj^-a 1! ciiULi ^-iL^aj ^l£! ^jj ciii^. Tap Changer J) ^^jjuaj a ]£. *>!& ^Xxlj 

^jjj <jjoi3) jjjSj Jc« jjta jl^J) . ^g-^LkJI (Jjj^ajlll <U.tL& (jj^3 cJijjLI 4 Jj (yU- 

.11-5 JS33I J US ^y\ ml\ c> ±5% JJXjl) Ajjalj 4 liluj -VW ^ J-2SJ UjjlSLj^aJ jt N1/N2 



+5.0% tap 
+2.5% tap 
Nominal rating 
-2.5% tap 
-5.0% tap 



13,860/480 V 
13,530/480 V 
13,200/480 V 
12,870/480 V 
12,540/480 V 



. ^•>1 1 jj*-« • 1 1 — 5 <J£2> 

(j* %1 (_j I 130KV JJ 132KV 132/1 1KV i _ ff & <iuij J Six. (J_jx.2l (jiaijl j\k 



a .* J1 ^y <j4s *11 kV 10.8 kV U^ajl *.j . .. ^ J ^J*j c AxauiVI 4_xjall 

J ^ ')* ) IJj 4 % 1 00 (3^ % 1 0 1 — ^ a ± uj lijli ^11 kV) axauiVI a ^J' JJ ^ 10*8 kV) 



: <bl*2l J L£ 11KV IjjLud-O ^ U«Oj\ 



Ajjaul! (JJiiL ^ijJJjoa 



V =10.8x— = \\kV 
100 



Tap Changer J| 5>s 2-5-5 

.kV 11/34 lL^j^aW ^.1 Jc. ^jjujj-3) 12-5 (JSju 3) (j^-^ Tap Changer J! J-^c. SjSaj 

\jla (Jjj^ajJ (jSxiJ C** U"\ \ ^Jjuo ^joiLq Phase (JS L_aLo j! (j-a 

. djlill] JS1I ^A*JI i^ja Ajjoij Jc- 
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6 AjolJ (Jaj ^aJ (J-<iJ 2 ^ 8 ^4j (j-G (J^-lJ U' C5^*^ l^kj 2 — 8 (JJJ 

. IjiSAj CllUill JlJlO ^i_l£ ^ * JlI x Ajbuaj 



A ^ ^9 Jaj^uJI (jjfLi LaAiC- (Jjj^j AjjoiJ ( ^j^a9l ( ^lc« (Jj^a^J (jl c4*^<aj 4_l9j 4 1 4 5 (J^joJI ^^9 <^-^J 

lij 1 $ jlc. Jj-a ^9 ck>^ 5 ^joij JSI 1*1 6 144900V ^ u^ij' i \— 2 (jiliakJi short 449 q^L ^ill 

131100V ^ ^ Iaaic. ^ (5—5 ^jjij short (.** i\xtc» 13] ^1 E DIVERTER J! cii*jjaj 

. 14-5 ^ Aij9 short (J-ac. ^9 diliill u^ 



MV W 




LV Wa 



*1 




(Jlia : 14 — 5 (JSjoi 

. Tap Changer -11 IjIG Vli« ^-L*j 15-5 JS 4 llj 
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Off-load j On-load J ^Jl jjL* <jjj SjjU* : 1-5 Jj^. 







AJjlLall 








5 J 3 


jj£) j| A lakj 17 


o ^ i nflMl *o\ 


(Jj)*S x>ll Cluj 


^Jalii Clijj A qU a <j|jiojujl 

Djjjjudil 




^ic. ^j-<a *1 xj IjjAj 


4_x-aLi. 


A *Q ^ 


(Jj^- a11 (_£^1xJI ^JajoJI (JLujI 


AjjljJ-d ‘-A , .-V. 4 1-.il ' 

cjULJI 


(ji^i 


q C. 'sll (Jj-a3 


Sjjjjudll ^JalS dljj 


Sjjjjudll AjUj 

cLi^J j! ( j^A J 

JJJJmII 
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i j a ^ a i } — (_£ji]| cIjV^^ £^.^)a]| 



Bushings JmcjUI tiljbl 6-5 



A_Jl.iijVI CILIaII c al^lal (Jjx-ajj l^lli-Jaj ^^lllj Bushings _j c_a^)xj Ia l^r^J cJj^ A (_^l SjjtJI A_LajLajVI ^-aiixJI ^ja 

L-fll^ial (Jjj^ajJ 4 Input Volt3Q6 (J^llll ^ ^ J (J a]| (Jjj^ajJ 4 A_i2^)llJI A_iJ^£]| A^JjuJIj A_iilll]| ALvIHII 

. A_i2kjllJI L03Cl Jl A-iill J) Aj!>Ij]| CliliLJI 



j! 4 Bushings J) jji ja li&j ai& Jjc. u -0 >^la a_JIc. (J-al*iij Lil ^ ^ 

(Jj)*s aII 4 J'klMl L_a|^la'^j JaJ^llj ^»jij Aj| (_^l 4 (J^-aII ajoi^ ^jc« A_ii^ll]| i** 4 filial (J^xj AjL Alii ilaj 

. (Ja^JI jl 6 g-L^iHI jluax g-ljjud A^jjull] A-iSkjLlJI 4 



spill (jl ^c>j ^ s^ii L-bai^ u^-j ^jLJI ^Lilll aajs c. _ L ai^j (Jj^ a] I ^ (. _ Uti*s Bushings 4 Lu^ajS ^jjj 

^Jlc. jLjj (jiaiaaA ~n lip] \ ajjj 4 A^a. q^zLLIa jLjj 4 ]la. Jlc. 1$ > bj-J (jjfLi (jl ci^^ 

ClibL^al^A j£] 4 ^ lOSS ^ 1 j ^Ic- (jJapj jjjli^.ll]| A^LolIa bjpj Sjlilli JJlaJI &1A 4 A-ilbll A^-aJl ^ 

. Bushings J! i *us*j& Sji ill V lilj < UUi a^a c j J £i cpiU. J£j a^UJI Bushings 



f # f f f > 

(jjj ^}lai]| lj^»AJ JjIaI j! till^AJ p j)Aj 4 JSVI L_±llaJI j)A Jjj!p ^£1 (jjfL L^ C,% ^ I L_±llaJI is* 

. JS ^j^jaII Bushings J! a Io^'^La ^ja (Jj^ a\I j 



^JlxJl IaI 4 ^jjj^a]| ^ja Q^£j Jajuojlall j Ia\1 ^IHLaa]! (JjljjtJI Si I a L_flllljj 

Jl Jl£jl! (J^aap (j^ 33-4 J » i4ja]jJjui]1 >]1 aJU. (.jAi 6 Cl i£)]l^ ^ \u.ro\l ^ja 

.Bushings 

(J^.1j c :> n^j J j^a\I p-ijl^- ^ C'\\\a A_jI^-I (jj.Vu^i ^iVnCl lilli Ajjlaj! Cl!yljl£j J j^a\I aJL^. ^ All A-la^Lo ^a 

£_jjjj]| ^jl n>i^ jl AajI^JI Jajlo^lU SjjuoIja (Jj^-aII (Jjj^ajJ aJL^. IaI . ^Ic^ll (J^ll lilJj Clj!yljl£il A_i]j 

. (Jj^ aII g- 1 loi (JlA l).. u ^j^]I 



Skirts II j3^ 1-6-5 

filAj 4 16-5 l-a£ S1^2 l^a]| 0jjl*n]lj ^JAJJj 4 C^\jA]jJjal]| (JA U]lc« ^j) U^IA ^2kjLlJI BUShjng Jl ^jal^. 

(Jjial ( (^l^jjJjuJI ^ (Jj^^ ^Jajoa (_I>Ll. LPJjol1a]| jlcl]l 1^ » ?^qj ^pll AiLoiAll (Jst^ 41 a 4. II J 4 Skirts JL 4_fl^au 0Jjlstl]| 

.A_jjjol 1 a]| C1j]jIjlI]| alA (J^aj Ia ^)J^I SUrf 3 C 6 T 6 Sist 3 nC 6 ^)lll]] A_pJajuJI AajIsa]| ^ n^Vi ^xl (_jaj 4 (J^aj Ia 

^joi^, j ^_pajVI (_gJ] (Jjl*JI ^t.i.\y ^ \ g.lj^£jlj (Jj^sja]! 4^j^JI (Ja Hajj 4 crooping p3ths _j L-jpcJI ci^Loja c-^uj 

. AajUa]| SiLj] Lj^i L^ jL.ia]| IJa aJUsV ^llaJ ^-JalLj ^ (Jj^s aII 
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jij ^ ^ ^ C-iV^^a ^gi 




01juo^]| (Jl£juj| i 16 5 

Corona Rings fl 2-6-5 

cisli c_fl|^iaVI (jju Discharge JLqj^I Jl*JI >'i cijV^»a 

Skirts _ll (Jj.^ ^UajjU Ajujjjj (Jl's a\I 4_ajs (JjVqMj 4 4_aj2j ^11 ^lijjl c > iim j (Jj^ a\I ^joi^ (j^j ^l*JI 

VI (jl xu>» Aii^JI > tn (j-<»j 4 Bushing J! l-aI^LI 4 jlg_j 0 -° 17 — 5 cJ ^ ^11 Ia£ 4 j *o» a Aii^. l. 

partial jL$j| Lai l^jc- I Li Tl ^ill^ ( Ijjj^SJI e^&Ua (_£Pjp Cj^' A .- ^Lll A ^J Q H ^11 (Jl^-all <Loj3 ^JLjj 

ciij^j ^ijj 4^ t 5 ilL]l ^3 3 ak liAj *I^JI J>U. discharge ^y&ll <> <^y cii^j J breakdown 

. J^JI yx*.j jUll UoU Jl i-il^aVl jjj J>U f L jU^jlj complete breakdown 
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UjjjJI Clilal^. i IV - 5 cJ^jj 



Flange Jl <L*J 3-6-5 

Jallj (j-o 4 jjJ| jl ^-J^lajjl <Jj j^L ij?\ LjJjjojj ^-Lqj Aij^Iaj (Jj*\ Jl ^9 bushing Jl i** n fu Flange Jl A q J )oj 

Jl £_ 1 a] 18-5 (J^jJI 4jjol^U*-g jjc. o jiLq ^aj csst aluminum ^ IJlc-j ^ (JL^ajVI 

.Flange Jl dJa J!>Lk j-*j ^Jl jJJI < a u *o loss 




Flange Jl J£J : 18-5 l£J 
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jij ^ ^ ^ <*— jV 



Rod Gap gjjixfl d^-ss 4-6-5 

I^jjUiJ tSllij 19-5 ^ Rod Gap : ^|pj) SjailU ^**1 Uj Bushings J! jjJj 

. ai& ^gi Jjc. jW^ ^ ^ S^Laj Sic* Aj] 




^)ajl! a J£^ i 19 5 cJ^-^ 



Accessories ^IjWtLillwItM 7-5 

djV^-al] ^£Loll A^^joi O 0 ^_jjjii]l ^ ^2 i A'w'u.wdt ACCCSSOfy -Jl w ' --•* ^ oi& c_jld]l 4 _jl^j ^2 

. Jp-JL oaLkJI rating J1 <■ <l"iQ Accessory J o' .^>^1' 
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2 Pressure relief valve 

The pressure relief valve is mounted on the cover 
of power transformers to relief any internal over 
pressure. 

Pressure relief valve is flanged type with operating 
pressure from 0.2 atm to 0.7 atm (20 to 70 KPA). 
The valve operates. Just the internal pressure reach 
30 % higher than the setting value. 




3 Dial thermometer with capillary tube 

This instrument is used for indication of oil 
temperature in power transformer. It is of dial type 
fitted with maximum reading pointer and suitable 
for outdoor mounting. 

The maximum reading pointer should be re-settable 
from outside by a Knob or by screwdriver. 

All components are made from corrosion resistant 
material or surface treated. 

4 Buchholz relay 

This relay is provided to: 

- Detect any generation of gas Bubbles and energize 
alarm Contact (first stage) 

• Detect any sudden oil level drop and actuate 

- Tnppmg contact (second stage) 

- The relay is according to NFC 52-100, DIN42566. 



5 Magnetic oil level indicator 

The oil level indicator is of magnetic type provided 
with indicator to indicate the oil level of the expansion 
tank (conservator) for power transformer. 

Operating temperature is: 

Ranging from -20 *C to 100° C & Degree of protection 
IP 54 
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& jJ — ^ .'.'JC lLi^ <a £^.^ail 



6 Electrical fan 

In order to increase the transformer load capacity 
a special motor fan is used to increase the cooling 
of transformer. 




7 Winding temperature indicator 

The winding temperature indicator is used to control 
the cooling Fans for (ONAF) operation and gives 
alarm and tnp signals to protect the power 
transformer. 

The indicator Is complete with a temperature sensing 
system with a capiliarytube and suitable for a current 
transformer with secondary current 2A. It is fitted 
four sets of adjustable micro switches to close 
between temp, range 60* C to 120*C. 



8 Oil temperature indicator 

The oil temperature indicator is used for Indication 
of the oil temperature and gives alarm and tnp 
signals to protect the power transformer. 





9 Dehydrating breahter 

(SELICA-GEL TYPE) 

It is used to trap out the moisture of the air entering 
the Expansion vessel during the transformer 
operation. 

The saturation degree distinguished by changing 
color silicagel. 
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ui I -i u i 

+- m. 

U£ll tirfjtall ^ wliUll J««ji 

Transformer Connections 



Vector Group _JI Jo Jl 5-03 Phase Displacement Jl eoLu^ : gjUJI J^aiJI 

Cj^5£?UsI (j 0j3^-:gi O^Go^ltl 03^3 Olj^ : j-olitl J-oiJI 



0 
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jij ^ ^ ^ (_£jJI <*— jV j^a ^^.^aII 



T yU^^JI ftii gdjii liU 

l_uIJI ^ jj^il aj^j t star jl Jj *jjj^a ^^ic. aJj^sja ^IdVI c_ulJI ^ ciUa a 231 j 3 — 0-11 ciV^a ^ liaJ 
jl£ lil Tertiary winding dUL a!£Ij UjJ jj£j Ujjj 4 ^13^3 J star J Inb ^ aI^a ^jJJI 

. l^JI JJju-o <_£p Jl 



line Jl Aiii^ lip] ^jjJlj ^IjluVI ^ Transformer Connections J dULJI J aI^L i.u^j 
jjJ j£ c-jUjt life ^ ^L^ij diwTua UU t Aic> uij jx4 I1A9 6 voltage phase _llj 4 voltage 

.Transformer Connections JL aS ^ 4] 4 -jkJat 

Connection J) u^Ukla 

Ajjaullj jj^jJI ^ aJ ^gJxrJSI oJjVI dlaLJI dill aldlj Aij^iaa 4 Polarity J! j! A-nJaJI — 1 

. Ajj^qlb di^xj Ia jAj 6 1 0 Jl dVj)^ Jl ^ jl 3 0 -]| dVp^ Jl ^k Jjjoi ^jldVI >] 

Ia j) i ^jIjujVI > 11 j j?jjJI ^k jJJJI ,^^31 (Jjj ajj|) 1 I a_aJ Jc. Connection _ll d!>inl jjjjjoj Ia£ —2 
(Jjj^ajj]! Aij^Ia ^jjJ dajfn > m ajj|^^ a_aJ jls ^-JJLj c phase displacement JL l_ ^ su 

dliUI Jjj^ajj A-L^Ia <Jli£ d2jjlaJ IaJ 4 ^J] Jj /J.i ^1 4 lll^ jtd jl t jtlaj/tAi JAj jdLJI 

. Star J) ALj^ajj Jj£JJ j) Delta 2 ) a \u^ jj Jj£JJ Ixa aJ>JI 
J a^J cpjjio 6 vector group _j dj*j u Connection Jl u£te*\ Jli£ j -3 

.^jiaj Id aJUI phase displacement 

Jl £jto 6 UjI J Phase Sequence Jl Connection JL did aJ^jJI dJ^d^JI ^ -4 

Ax-Ul pjjlic. (JJ^C. Ax-Ul L_Jjlic. ^ C-JJJjJI (Ja J 4 ja .1 cppjj ^ f IC^B^A^ Jaj 4 Phases 

.^Jl 

ajI Cy^ ^ cJ^ 4_s^ l*-° AjyUI cilaUI (Jp^ajjj cjjljjj aJ^Isj 4 Connection Jl C^c- Ajoj^j A_iAAli 

Liajl Jiajj 4 ^ Vector Group ^lj ^jjJlj ^IHjVI ajjILa A-iALpj| ajj ]3 ^ 

liAj 4 (^IjJI ^gic. cS^j^aW Jjj^ajj He. iJjjuj Jli J£j 4 Polarity A-Jaa ajI 4 Phase Sequence ajI 

(jl Ia£ 4 ClV^-JI (Jjj^ajJ j^J V dlA_ 4 *-J! jjlJ 4 ^-jjlajJ! llA Ajoj]j^ jA ^joaLoaVI (jia^JI ^A 

. Ij^ilA Jj^.oll jl£ j\ Jj^k x>ll JjLplI jjjJjuj (Jjj^ajJ AJ^)Ia (J £ L-JjJC-j Ai^A 
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14 )n*OLa 

^b Lai t \— 0 J) lIj^j^a j t 3-0 -SI CJ^j^a) 4 jj^laj ^ 1 x «aJ (_^il! ^ ^A-uIaall ^ ^jjJaj-o 

.Ja^a 3-0 J CliVj^AJ Ij^IxjjS Cljl^jjJaj^Jl 
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jij ^ ^ ^ \ (_£jall djV^^A ^ £^.^>a]| 



jualmll Joill 




Transformer Polarity 



djliLo ^ tpuil 
dlljA ^1 Ixa (jjA^alj-Uj 



^-aJl j 4 ^\S1^\ CIiUIa jJL^aAll ^-2». (jjj 4_i&l^jVI <£>t*-ll 4_J Ax^alj 4 "Uatl 

\jla (jjdj|)jj (J&j jAa^a]! A£^J AjjalilL ^ ^ lA-vWl oL^jVI JA^JJjoJ s-lij ^jllj 



.1-0 Jl cj^_JI ^ jl t 3~0 Jl I ^ *1^ t Ui^iu Phase Shift 



180 d6QT66 aL^jVI (jxi^c. (jjfLa Aaj 4 ln _ ph3S6 ^^jIALVI > al^j] (J^ (^ (jjfLa (jl (j^-^ (_£^jl^l > (jl ^IsLAlli 

.4 uWq\1j Jjjj^aLoll jA Ia&j 4 I. j. W3 c kill alsul L_Lud^j cil^LoiVI L Q l A^J^la C > h>^ diljj 4 OLlt Of phdS6 

^jldLVI ) (jjql^ll ^^a ^c-LoJI cjjlac. al^jl (JLojV (j* (jl^ dl!>LajVI al &L^j] (jl ^ (J1 j-a1I (Jjaxa 

(jUj£jjaJ (_^j\^]| Djjlaj j ^\s±i^\ 4. \\ (_^1*JI AiLaJI dAA ^ia L>^ *» ^a\ 1 ^}lsijj (j-<^ <*£ ((_^P^Ij 

Ix-a (jlAjjjA (_^l 4 4 )^\\l (jjaaj (jj^jjuo (_^j1j]| j ^^jIjjjVI (_^3 (j^ali^jl jl ^lijjl (_^l (jl <^*-2 Ia&j 4 4 jjliqll (jAaj Ia^J 

. (j^ai^JJ ^)^VI j IaAA^. 1 (jl (_^l 4 IaIaj (Jjj£j«JI ( ^Axj Ia$3 A jjli4l C' \kk\^C- j\ IaI . (jja^Jall ^ 



Utill *tti* MdUn *»i 1-6 

♦♦♦ p V %TM ^ ♦♦ » ^ « 

=(>1-6 JSJJI ^a L£ a^-» Air-core Transformer <j! <ji*j <_U*-JI ^a 
. Oscilloscope CjU^JI ^ jl^ ^a 4 j>LJI Signal Jl <ULuj ( >^Vl) ^Jl-JJ <-4* -3 
. Oscilloscope CjU^JI ^Ij jl^ ajILJI Signal Jl <ULuj ( JA^V I) 4_$1 a — 4 

oLajl (Jxl^C. ^aJ ^aa (_^Jjou]| 6Jjj-all ^ IaI .oLajVI (JAaj (jjajaL Ia^jI (jj^lAll ^jojVI ^ 'iajII 0JJX^>1I ^ 

til] ^Jaj] djlaL^All (_ 5 ^ (jJJJj^JI (j^ (jjl^ (jVI • (lA^jJasu (j^C. (jjA^joJI (jl laa.'V^ ^^jldL^U AjjouIIj (_£^jl^]| 

Additive Polerity _j Ua A_iilaa]| ^.A^dj LjaaaJjj Isla (jl^_aJI (_^jjaull Sjjj^all ^ia 4 A-njaall ^a 

^_Aja £a 180 jI^aj (_^j!j1Ij ^IdLVI -^-^. (jjj 4 — aUl oLajI (jA^c. ^a-Ajj 4 £-<^- I 
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^gjliill ^pai^jj JjVI ^i&jl lili oL^jVI ^ 1 J (Jjo^C- ^ix^alj ^ixJ Jal3 (_£^ magnitude 

. Subtractive Polarity 4 _r^]l a nU\ h C5 ^u J j J 4 )3£aj 




c_alH oL^jI c > A jjiWq \\ : 1 — 6 (J^j 



Polarity It JuJls>^J ^LJLo^szJI 1-1-6 

djjUI ^ <j\ 4 cs-^ ^jc. 3^.U lijla 4 ^Sljll ^ polarity _ 1 ) aja&) 

4 lx-a A_L-ajA A-^jIulLq L_sUaSVI d±jl£ I3j x«o (Jjj^ajjll (jjfLa ^_ 5 lC' (jJJJjUaJ (Jjj^ajj] A_laJjau]| A_iJ^£il 

^axj tilli jli L_lUa3VI oL^j! 131 Lai 4 2 — 6 (J^jaJI (j-a ^JjoijVI C5^ (Ja'sII (jjjLnll 

Ja3a Circulating current ^ 1^ jU □ ajV ^ JslS Uaa* cjj^j short 

. ^jLujj Ljjflj A-ajILg (J3Lk 3L^al A x^'S 1 a]1 ^jJJJjUajil A-ilkl^l A-ajILaIIj cil^LoiVI 




j& JjoijV^ L-jUaSVI oL^j! (JjAc. • 2 — 6 (J^joi 
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Short Iji^. ^)Lj ^Hi *LLLui]| a KjUI (jjaaj <-" a qti^ ^ x>\\ Polarity _ll ciul£ Ijli 

•lsjLs^ cj^ (Jjx-ajj (_)^3 Polarity _ll Ai^x-o ajV (j^ L& (j-°j 6 ^ ^ ^ ^ ^jaL^ ^jjj 

iiUtftJI IaJa J^aJI tiljkl jaajS 2-6 

a_u>Ij1!j ajjL^VI aJU> j ciilaLJ) ^-^L) jjjxnl Jiikj-Q standard tilUA (jjfL <jl VJ * t> \^^ q* 

ji cijl^>Lsu Sjaa* ^jjSj (ji l_l^j j Bushings. J! (J^a. ^j-q j ^ A\ ^jL^J L (jla 4 

!>t£ 3-0 -i! L_fl^)Ja( U-iaul JaI^Jj 4 ^-aJI L_fl|^H ^jc. JlxH ^ 7 ^ jjjxnl A^jJa ) j jj-aj 

^AJ iaia jj-gj <jV 6 JAL<u] BUShing _J) -PA ^gic. jLjJC-VI V • A-laj'sl^ . (Jjj^^l) ^jAljlaJ) 

j) Phaso-A j& Ai>ljl( £-± IaA x jjj V 4 ^-aJI jjj La 7^ Jlxl) 7^ 

. jxojjli a_iaaI ciul£ Ua (j-^j 6 Phaso-B 

IEC Jl Oli-^l^o (j 1-2-6 

aJU. ^ 1 f&jj aIji^j Capital Lottor Sjaj£ <>i& q^S>jj 4 U & V& W a2>Ij ^Vutn 

Small Lottor s^j* j^oll c-a^VI ^Vutna ^jq'I c_aj^L( Lai 4 1 W 4 IV 4 1 U: I^£a 4 Jlxll y\\ 

Tertiary _i U >j dJG c_aL <j Jja^ll jl£ lij 3 ^hViJ jS-ajj . 2 w 2 v 2 u : ii£& 4 2 AijAa^ 
.jA/uli ^ ^jjj t Neutral _SI Ja^ jjaxuI N ^Vn ^ 4 3 w 3 v 3 u : liSA 4 Windings 



.3-6 ^Jaj Aj^yLill lL^j^uhW I EG _11 la2a 




IEC ajj!)Li1I cjV^oII : 3 _ 6 
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IEEE / ANSI Oti*>l$* J ^jOI 2-2-6 

^\ X,Y ^jjapJl lg-x^a ^^jjoua (Jj^^'U j^-J 1 Jl 4 H^, H 2 , H 3 ^ JJ 1 ji^JI jjj-oil H J! L-^pk ^^kiojj 

( ^0 6 Ho) ^ Neutral Jl jjxJ 0 <Jjll ^Vu*n j 4 UJj (Yj^^) J (Xj^^) 

.4-6 ^3 La£ 4_iS ^xlSjJl (jjfLiS ANSI Jl ClAL^al y* ^ JVuiibij 4 \~ 0 J! Cj J l 




IEEE j ANSI djlix^lj^ 1 — 0 • 4-6 cJ^-J 

^ (Jj^Jl (> _4 c 'l U -0 W4] A^Jll Djjj^a aJfc) 5-6 J^ Jl ^3 J£ (jjfLiS CllJx-aljJI 3-0 Jl (J^Jl Jl 




ANSI Jl ^ <jj!)\J 1 jjVpkJl : 5-6 

^JJll 3^J! ^ ^ 2N j In j-oJU aJ j-ajjj * (jxJ! ^4^ ^jJajj Neutral Jl J I EC Jl aJJ. ^ aJ JaJV 

^IjJl (> _4 c ' >11 ^ X 0J Hq a] ^)JJ1 (> _4 c ' AxjJaiia ANSI Jl ^j^c. 4 ^IjJl ( ^ 5 1 C ' iJlj 

. 5-6 JSJJ1 ^ JS 
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jJ'jHit* Polarity ha 1 3-6 



. lJlLJIj ^i-iLVl c_flLJ) ^jjj A_iaL^jV( a£>L*JI ^\ A-ulaall 4 _iaaI a! jjjLuJi jxajjSij 

s-bj bj^ C5^*^) 6-6 La£ ^jjliiSI X2, XI, ^\s±$\ ^ H1,H2 j& cjjjjjI! (jl£ iili 

Aji ^ \* \ I jiAj ; Cy^j Additive Polarity a <* 4_nia3 ^aju^ a iiSa^S! I.1& ^jli ^<Lc*Lai]| l_jjI£c. al^jl ^9 l ^ j 

.X2 a jjouIIj 4.12^0 XI Qj£j a 1]| (jjaaj ^9 Ajli H2 1 a jjouIIj 4-12^0 H 1 ^jj£j La.iic> 



Subtractive j^SM 6-6 ^ La£ ( (jjjjl^Ji .l^ij ol^ji ^ jj-ajjSi^ Lai X> CJJJjjSi <jl£ lil Lai 

. aIjLoJ) Polarity 



Subtractive 

polarity 



Additive 

polarity 



H, H 2 




Hi H 2 




4-iiSaflll • 6 6 



. 7-6 ^ LaS Dot Si ^l.vsniAj Add/Sub <jc. ^a*j <LpL^.VI cJ^j^aW ^ IjLi^lj 



(jja^laSi ^ ^'1 (jl UjLoj UjSi La£ ^gixj Uaj 6 Add Polarity ^^isu i.1^9 ^.Ij <>L^ji ^ ^jilLkiSI ci±jl£ lili 

^9 J (> _ 5 -Sc'Vi ClAxjJaj lij Lai 6 ^JjoljVI 7 - 6 (J^joiSI ^3 La£ l**n*9j£SI Ix^a ^Ljai^JJj lat-a ^jlstijjj 

.Sub Polarity. li$i jLaiVI 
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J J jill CjV J^-A ^ £^>a3I 



Additive Polarity 




Voltage in Phase 



Substractive Polarity 




A 



. v7 



T I 4 



i/p 0/P 

Voltage out of Phase 



7-6 



. \jla Dot l^jte Jj1\ J-^a jj .lie- : *LaU Aiaj^La 
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jij ^ ^ ^ \ (_£ j 2 I ^ £^.^>21 



^lliull Jiaiil 



Phase Displacement _ll _jl»— »| 

JVectOI' Group II aiaal^J 



^ Usi Us^ J-0 Jl CsY^JJ aSIc. Vj ^ \* A Al (JJd3 J 3 31 4_l£yt2l CjY)^ 21 JafiS ^-JjJa^JI 12b 

l_uL2I 4j! 2JI ph3S6S _JI ujjjjj J3aa <ju3 (_£jlj2l ls^“ C* *^ c ' 4_uvt2l CjY^2I 

(J (jjjjuo L£ l^J a 2*21 2a^*^aj c ^ ^3j xl x2 x3 — HI H2 H3 ) ^jjaaLidl l&jj-aj ajIj^j c (_£^jl2lj 

jjiiU]) ^ SjkUiall cjULJI Phase Displacement <^UjYI ajjI)1I 4ij*2 L^t ^tiaj U£lj 4 ^121 



Phase Displacement^! 1-7 

: Us, (jj^?. jjj Uljjll 4 jL Angular Displacement Jl <Jc ^Iks ULJj t Phase Displacement Jl u>*j 
J l j HV 4-uU ^gi LN : (jj^a. (jjj <Ls_jlj]l (_jA jl c (_£^jJI j^jJI ojJajj t ^Ijo^/I ^ j_^ 2 ljJI line - to - N Jl 
J* HV _j ^alaJI LN Jl ^jc. LV Jl u_uL^. ^ LN (jl£ lil oJa ^)il*jj . LV u_j2 LN 

.<c.LuJ! ujjtac. (JjAc. ^b ujl2lj 2I (j|;jJI oL^jI <jl jLjcJ 



"y" (J£ju <L-aj-o (JL<JIjj 4 HV l_uL2I "V" (J£ju i _ 5 Jc« <L-aj-o (Jj*\21 diliLa <21 J ^jjJajdj 

phase 3L ^al^JI u_aLJI LaLaj (jjjUaia HV 21 l-uL^JI phase - A _j u_ai2l Ula 4 LV 31 l_uL 2I 
I yjj <a!>L3l 4 _Jj£j <21J ^jc. 4 jq ^b (j2LJI 4_yb2jYI Ajjj^ll <jl (Jj£j .iVn^q LV 31 l_uL 2I ^a a 

YyO Jj 12 a£ 2I 



Log Ia^_jujI 4 s>ip£> Vector Groups 4_yb2j| ciiY^»2l <.**1^2 ajj]^]| dJa <-<2 i t u>^ ( ^ 5 Jc-j 

- ^ K Cj_uo3j cjlc>j^ga^3l (j>i* J 



1- Group 1: Zero phase displacement (YyO, DdO, DzO) 

2- Group 2: 180° phase displacement (Yy6, Dd6, Dz6) 
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3- Group 3: -30° phase displacement (Ydl, Dyl, Yzl) 

4- Group 4: +30° phase displacement (Ydl 1, Dyl 1, Yzl 1) 



IEC Jl Phase Displacement _JI <ut "6 1-1-7 

<LV j HV (jAijlJI S^lalliJI CliliUI lg_j ^Jl 4 <j&1>jYI <Jj|)ll <-<u3 (jc. jaaxjII l*jk Jala .1cJj3 JUa 

Ui U>jj dJaj c IEC J cjUIkx^ uKlI IJa ^ Ua j J v ^ j 6 Vector Group J! ^ 



jtLuj (J£juj ^^Jc. <jl£ lilfl Capital ^^jIjlLYI lJlLJI (Jjj^ajjll <j!j£ JiGl *1 

JJLA U . 6 Z Ifl .u£j UjIa Zigzag ci±jl£ lilj 4 D lg J£juj ^^Jc. <jl£ lilj Y lg 

J jc. jc. flfij lat Ua Jaa.V) .( y , d , z, etc. ) small Jijj^ ^jjJI 

.(JAJI Jj^aall l^jc. LlaKj ^^JIj <lix^ajjl) Phases 
i ^jojYI ^3 Ljajl N _!l jli jlioJ <lu l^Jj Cfi A + Neutral _JI a )nq *i ci±jl^ Uj .2 

jl i (accessible) <^. 11 * l^J (J^lxJI Jaajj ^^IjGjYI Star a \\ >. ^>jj YNd a jL^jJI (jl 

. LiskjLk 4_^.tLo <43 (JjI*j <laaj j 4 Star (j^JJI (jl£ IJj Yyn l^jl cJj^ 
£^l£JI Ij.Kll C 1 jIaL>jYI c** tVtxt (J^l^ <JjJa]jJ3l N Ja^j ^jojj <_ 5 -^ JaGl *^3 N <Iaaj IgJ (jjJ Delta Jl (jl lLu^j .3 
^jj gI^jY! IJa ^ Jc. 4 1 — 7 JLill (j* yoiaYl sj>JI Phase (J£j (_>J-JI LN J 

. \ — 7 JLIII (j* (JAlVI sjJI ^ ^ >1 1 fi)L>jl 




JJI <JU ^ ^IjJYI N Jl : 1-7 l£J 

(j-aj 4 <2kp 360 jA <Iafij (J^a* (jl IaJj 4 ^3j 12 —J <4 AL>jY I tjljjll (^-dJ (jl 1 x >ijl Jajlj .4 

JIaj 2 ^Jjllj 30 <J1 a 4 1 (Jjlli . a-^j± 30 (j) 360/12 u^b 3>ll oA? ^ 

^^jIjjjYI ciilaLa (jjj a_iaL>jYI ajj|) 1I ciijl£j 4 Yy Cj-^-JI <jt^ Uli (j -oj . I^£aj < 2 ^p 60 

I JA j 4 Ydl 1$ *1 lijlfl 30 + (_^jLuij — jtjjuJ (JSjuj Jj-aj-o (jJUl !)l£ (jl (jia^Lj — (_£jjJlj 
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a ^3 £^.^JI 



^a 30 _j Delta Jl ^a (LN ) a^i# 1 3 ^j Y Jl <j Line-to- Neutral o^JI <^ 1 * jl L ^u 
' *(« '”' ajjV) 1I (jl Yd 11 ' < ' Lula (jinn (_^l ( _ ? a Delta _ SI Cluis 131 Lai . a^-LJI i_jjUc. oL^jI 

.^P 30 - J 330 

( Ai_)ja]l o^j (Jj^aj^JI <_uLaJI (jc. jjjajSS 3 UtO 4_aK jl 3 Jl a la^Laj ‘Ljj'LLJI AutO Jl diV^-a 4JLa ^2 .5 
.I3£aj YNaO jl ( YNall J <. YNauto l^t& J 4 YNa JSUI ^ 



jjh Phase Displacement _JI ^buio>) 2-1-7 

j (JIaaH a y^ll IajL l^ja jfL Ajljk^. ac>Luj ^ju^j dllij 4 ^ja^IL Phsse Displscernent _J! ^j£aj 

4 JjjlU) jA ph3S6 — A ^ (JjaaII A^HaSI j£j IaIij 4 djlc-LuJ) L_jjjac> ( !>Ija ph3S6 — 3 ^ 

Aj( La 6 (JjaaI) ejjiac. ajujjj IajIj uj] AJL^ial) oi^ LN _J) (Joaj Ia&!>1£j 

UIj a L j^a jiill ciul£ ^(jjuj c 2-7 Ia£ 12 acLa]) ^ic. l V<L IajL aIx^Jj c HV ^ ^A1 (J!1aj 

A_C>^A^a]) AijJCA SjjudljA J^AJ Jtilbj 4 ^uuo^ll ^_9 AjJjjj L-bal^ ^jJai^lAll ^ (JjaaII djl&LaJI L_Jjkc« ^aJ 4 ^tluJ jl 

.ic. lull a^js ^ Phsse Displscement. _J! A^a cjj*j \^j Vector Group a^UjVI 

Ac. 1x21 t Dy 1 1 i I^£a <. > Dy d±jl£ dslalAll (j! j 4 2— 7 (3^x21 a-iaL^jVI Ax^j^-s^lli 
30- i£j\^ J aj^j^ 330 csjl^ Phsse Displscement. _S! c j J £j l^j 4 aj^LJ! 

{ jl^ HV .j LN Jl pg. LV Jl mjIa ^ LN ^jl£ I At Aja^ >uxj AjaIajVI Aj9I>SI ^jS IajIj j£jj 

. AcLuAI 4-jjlic L >o£g. dIajI ul jLucI 



12 




H.V. phasoc (ftxsd at 12 Odock) 
Minute hand 



.iA! ac.Luj (J£juo (jA a_iaL^jV1 ac-ja^a]! 2— 7 (J^ja 
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1— Jti* 



?Dy3 



C5^ 



(_]£juj C> A lx^ajA ^ (JsVI ^ .^Jl j (_£^jUI CllliLo (jl j A (J^juj ^ 5 ^ 4_L-ajA ^ ^^lc>VI ^ ^ II ^ ClllaLo (jl ^ *iar J IJ& 

. (^)ajuj Ia£ jJI ^c-Loj AlJliJI <c>LuJI JJ c_jjlix]| jjjaj La£ li&j t ^L^p 90 (jjjLajj l ^ iij <Li&LpjVI u b Y 

. ^-Lc.LuJI L-Jjlac- fil^jl (JJd^C> <A 2 ^Jl < 2 UA jjjjudJ \H^aS\ < 2 UA (jl ^)^.l ^IsunJj 



: 2-Jli. 

? Dy 1 ^g-ix ^ Li 

(_]£juj (_5^ c ' ^ Lroj^i ^ (JsVI ^ .^Jl ^ (_£^jUI dilaLi (jl j /\ (_]£juj ^lc> ^ Lro j^Q ^ ^^lc>VI ^11 ^ cijliLi (jl ^ ‘i» j IL& 

(_£^jUI ^ L N (_3fJUdJ ^l-SL^I ^ L N Jl jli ^^JlXAJ 6 4_2k^p 30 (_£jLaiJ l jjj A-iAl^jVI U'J Y 

. ^LLi.V L£ Jull .IC'LaJ ^9 6.1^1^} 4 £>LuJI ^Jj L_Jjtax]| ^JjudJ L<i^ ^ 30 <-_l 



Phase Rotation jlj$jJI ab-il JuJlpu 3-1-7 

£.2k^JI LjaJ t Lljjll U^ (jjjj^l 4 -sLoi^. ^ £2^)-JI j£t> ^}iixJ "<C«LuJI CJjlic. (JjAc." oL^j! (jl Jc. LjaJ LxJlc. (Jjfljl 

B ^A Phase Sequence Jl J ^JjJI J\ 3-7 l&JJI c> ^ 6 phase Sequence Jl 




L_L2lJA (j|jJ-JI ol^jl I 3 7 (J^JUd 

(jl x^o ^jc-j t 4~7 Jlill Lo£ 0 = 30° ^11 (jc. ^ktiA <j| !>Ija R — L 1^ cJj^j 

(_^L]| j& (J1a<JI IJa ^ 'slli (j-<»j <> ^Lc-LuJI cjjlac. ^j^c. uj^ 30 -j 

. &L^jV! IJa ^ jlnll (3f^ 
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! A^alA djUa^Xo 

u^? ^j ]3 ls* 6 Power factor J aj jljj 4 phase angle displacement J! jjj uu\ i ^ <. _ -1 

La ^Aj lx-o dilaLJ) Jj x ^aj AiL^Ia cdiSjjjj 4 LV c_jjl^ LN _ 1 ) j HV 4 _ul^. ^gi LN : 

c_ijl_^ JS jliiHj ^7^ (jju ajj|) ( Power factor _J) ajj|^ a^L]) La) 4 ) 1 a 

^ (Jj^ a]| ^^glc> (_)x-aj>a]| A * ilia IfrLajS 4_aSjJJj 4 (Jj*\ a \\ ^j>a 

a ^jqll aj 4 _jjjjj 1 ! cs"^ ubj^' 4 Phase Rotation _1) j 4 7^ LiaJ lalaJl l_l^j — 2 

. B ^C ^A ^a ^1 C B ^3 A ^>12^ ^a ( 2 ^j ^ Aj^ijll phase ^9 ^ xi)i» \l 

. ojjuoUxi L5^ 4 judn two phase ^ I (jl Ja^V — 3 



wltUI liijlt 2-7 



LL Jld ^glc- (Jx-aj-oj ^jldLVI ^_g^ ^jLjoj cJ^ CS"^ (Jjj'Nxn Aj^aLiJI djlg Vlxtljj 4— iLLll ^jujj ^^A C5^ 

A 1 A 2 , B 1 B 2 , cfi-a Capital djjj£J( ^\si^\ ^gi djULJi ^.LujjI l_u£j Ldbj ^ 

La£ 4 al a2 — bl b2 — cl c2 aj^jI^I djLL\l L_fl|^Ial a-lgjou] small Sjj* i>^\l ^Vudi Ixmj 4 Cl 02 

.5-7 J^dJI (j-0 ^jaJI 



^)jaaj IgJ ^VuuUti ^aJ ^j^aj 3 1 
^Vuuuti AX^j 



a 2 4. aLa]| b jlc. 4. <a\j (> _^1 Limb _ll ^L sj^La A 1 A 2 4_aLa]| ^jl 4 _l^jj 

.PhaSe A_x^aLk]| djl^_^luall ^auujj ^9 jl dlLLoH ^auujj ^9 £. Ijjua tliLsjxujll (j^lll 

. (jj>.VI phases Jl 
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g V^llj CjUlL2I ^jujj 5-7 



4 alJ AjjouILj c > \yjA a2 (jli (j-^J 4 A1J AjjouIU c > \yjs* A2 (jl ^giat xn A^jLujIa <jl Ub ^) nar im ^J^jaiilj 

A2, B2, ) 2 cJ^Vun ^ yjfjLiJ) !>l£ ^ a_Jc. ^-Ujj 4 phases_ll ^ J^xJLj 

^ (J^WI (j-o 4 _^jj Ia&!>1£j A1A2 c^jlP ala2 ^jojjj aJI^JI . ( C2 a2, b2, c2 

jlfl star (J£juj i _ 5 ^ c ' (Jj^aj-o <* <j! c f> n^j .B and 0 _11 ajjouIU I^£aj 4 5— 7 (J£j^I (_£^i*JI 

. (Neutral) N 4 Jakill Q^j] l*-o (Jj^ajj A1B101 



^ phase JSL ^j-al 



.Y Jt ^ y ^ tehil 



Delta H Glalo ^u*»j ciibjia 1-2-7 

^aJJ (jl (j£-oJ bb (J£juj ( ^glc« 4 dlliLa (jl Y] 4 SG^jj <9J^)la a! ^)Ijjuj (J£joi GjUbll (Jjj^ajJ <jl ^JJ 

b2cl, ) (Jjj^ajJJ Ua3 (J! 1 a^L)j 6 5-7 ^jLoJI (J5 c2 CGl^Iallj al (Jjj^ajJ (j£-oJ P'S 4 

C_fl|^IaYl b-iajl 4_i2 Uix^aj 4 6 - 7 (J5 ^11 ^9 La£ b2 al (Jjj^ajJ Ljajl .( alc2 

.(c2bl, cla2) 
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5“7 (J^JudlU AjjlLo tiLl]| CllliLa 4_ijlj 4iL^)ja 6-7 (J^juj 

b2bl B2B1 ^jlill l-sIaIIj 4 A2A1 (_gjljj 3231 <jl \l (j^ (jl qq v*t (jjjaj^all 

U£ Aiii^ ( j J £io 3 Sj^tnJI Phases J! ^ phase displacement J 4 c2cl ^jljj C2C1 dJ&l\ l «UIj 

. 6-7 ^ 5-7 u-a L 5 ^ 

Aijjlall til^l! ciiUL 2 Phase Rotation al^jl (jl jAj 4 Ja^V 

. 4^1^]! <ULaJ) ^ oI^jI Lajjj ^ <c.LuJI cjjlac. oL^jI ^ <jV l_JLuj JjVI 

3-jii- 

(j-a ^)j3c.I^ 7— V J< ''^ Vector Group Jl U^ajl p.^, j & 1 ^j 1 p,^. 

:^lc.Vl j* (jl J\ Step-Down J ^51 
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a a Ij — Axj££J ^^jaII 




3- JUJI 7-7 lS^ 



JjuJjVI (J^-aII ^ jjjj.JI j£J 4 A_njLa. tJ£ ^ AxlxJI Ljjjtac. JM^X j L_L2lJA jAjVI (Jj*\ a\I ^9 j]jj,JI cl^il 

. ( ol^jl ax.LJI cjjlic. ^a jj.ii ajV Delta Jl c-xla. l_JLuj aj£J 4 Star _U ajjouIIj lal^ja 



(_£jjUI >, 1 a nj 4 ^(JjJaVlj (Jjtaill L_Jj£x 4 tlAjj till (J£juo ^.^Jx (Jj^sjaII ( ^jIHjVI > laJ 4 LjaJI jAJ^I (Jj"\ a\I ^9 

30 — ) AxLuJI 4_ajoJ jA ^jJalj jA Ia£ La^ JJJ Ajjjjllj 4 ^ ) djlxlxJI L_Jj£x AJaaJj jtlui (_]£juj ^.^ix (Jj^3ja]I 

.Dyll 1 Ag m Ai&lsJI l_u£j jAj 4 AxLJI cjjtax ol^jl jjAx ^IHjVI C3f^ l£^I jA 1^ jV ( Aa^p 

. ^jJoX AjllaJI (JaaJ AxLuJI jl Jaa.'V) 



^jjIaII 1^ Laiu 4 ((JjiaV!) JjjlSllI c_Jjax aJaaJj IjL J£Ju ^gix Jj^aj-JI ^IHjVI laJ 4 JjojjVI J j^a'I ^ IaI 

4 ^ J_2kp 30 (JfjLuJ Ajjljll) 6l^.ljll JJ JJjudJ AX-LuJI j£] ( Jj^xaaVlj djlxLuJI L-JjSX AJaaJj jtlaJ (J^juj ^^Ix (Jj^3Ja]I 
jljjillj ^I^VI jx jita U& ^jfill). (siaJjll axLJI) Dyl ja Jja^ll li^J JLaaII Vector group Jl jjSj ^3 jAj 

(^xLJI c_jjlix (Ja£x 



L—lVj)^ a\I AaaL^jVI AXja'N a\I jx I EG Jl djlix^aljA jjjjm J_9Jjla ^^^ix UjjlVi J^l (JIaa (JIaj ^Ul (_]£jjJlj 
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.aLIuJI kc.\jJ\ (jai u Vector Group J1 Ajjg xtlj 



4 A_i2kjlk 

. A^p 

: lM 

; La£ lg tc. ^a*j aajLuJI A-iaL^jY! acj^-s^H 

YNyn0d5 



4- Jtia 

A jaflj aJ LaA^l^j A aa j (J£xu ^Ifr (J^-a] Aj&IajVI Ax^-a^-all (jc- ^)J C- 

150 ajjI^j ji.ti« a^Ioj t tilb JLSi ^Ic. Tertiary J t_aL U t Phase shift J\ 



til jteifl Jftji Ikjk <JI <UUrfl itj*i*ll NMi 3-7 

j! £%]|j 4 4. < i \ a \\ Ajj]j Ig * x> jg )oj Y A-plsJ! Aaj^Iallj <LgjjujJ-g djUltoll (jY 4 3 ^a3j (JI!La]| ^jC- 4. <aV'iA < o 1.1 a 

4_flj^laYl (Jjj^ajJ A^J^la (j-a A_iAL^jY1 Ac-j-q'S-qII 4_flLujj£l ^^ic. jjjls (jjj.Vtg a \\ (jj^J (jl 4 > t'Nj lilj 4 4_JjaYi jA 

: JIU) ^ L£ U* 
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J } — (_£j2! £^.^)2! 



5- Jti. 

. 8-7 JS22' ^ Jj^21 Vector Group J ^ 




5 J15* 8-7 (J^joi 



9 - 7 A212I 11 ^jjj t (JjLoiaI) (j>& 4_1C^2! 6,2 a (_)^ 

Positive lia2 j! <^1) <lc.L2! cjjlic. (jjAc. <jj;j21 £>1^2 q^L ( Star 21 j ^I.slVI ^j! —1 

.12 a^-LoiI! L 5 ^i A 21 ^ v*m (_)*_^.lj 6 ^<212 ^jc- ( ^ 5 lc. ^21-* Phase Rotation 

Star 2L (j^aL2! A1A2 a y‘u (_£jljj c ** j 122L (j^aL21 ala2 a vi^ ^jujj! — 2 
clc2 21 4 v*^ ^jujj! 12a ^ c2 ja J1121 12a o,w*naj t 12,21 a 1 j >. ^ jj la _j (Jj-a221 2^121 — 3 

al a i2aia c2 a <■** j j Star 21 0102 (jjjljj 

122! ajL J-21 — 4 

^il£j 4 x.L 2! j! t Star 2! ^ Al 2! 4^2* (j^j 1221 ^ N— al 2! 4^2* ^j! — 5 

Ua Ia.w'hm j Phase Displacement 2! lg 2 *j t Ydl aa 4_ia1^2V1 <cj-<^»21 <j! (_^l ^^14! <c.L2!j 

.^2x.L2! L-jjlic. oL^j! ^ ^(.iLVl ^ lg2V 4-i^j-a 1-&2 J^'Vj 4-=^p 30 (_^jIjujj 




5 J1121 Ja. cjIjIi^s 9-7 lS^> 
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jij ^ ^ ^ \ ^gi ^a.^21 



6 J ^» 



. 10-7 JS22 ^ 3 \u ^jjU Phase Displacement Jlj <jaU2VI 

N 





C1 pnrn 


cl rYTYl 


Bi pr>nnl 


^nr>r>r>n i 




C\J 

< 

< 


a i iorY'Y"'i a2 



6 JCu 10 — 7 



:(1 1 — 7 (J^ 21 ^^9 A21j 2I (j-0 <i^_JOJ 6J-2I ^_gAj 4 4£jL2l CllljlaaJI (JJdSJ £-2 



^lc> ^22* (Jj^aVl jA lAA ^ <C-L2I CJjtac. (Jj2c« (jl)j2l ala2 (jjf2 ^I22lj L— llg V*lx> ^jujj! 

c > 02 — j 4_L^aLd A1 (jl .12 A£.LaJI L5^] NA1 21 a v^j ^<21i ^jc. 

•(uL4^ 122L ^aLiJI A1A2 a S tar 21 ^aLiJI ala2 a ^jujj! 

Star 21 a2L (J-21 

^<c-L2l <L<2^ a_iaL^jV 1 Star 21 al 21 a v*m (j^j NA1 a v*m ^jjj ajj]^]| 

Phase 21 q \ lg_Loj * Dyll ^^a a_ia1^jV 1 <j I c j2c. aj^L 2I J122I liA ^ 

. (^k* ^laJI a^22() 30 lJU ^jLau Displacement 



-1 

-2 

-3 

-4 




6 (J22I (J^. 11 7 
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7 Jli« 



. 12-7 JS2JI ^ aL^sjjII Phase Displacement 2lj ajaUj^I acj^ 2 I Aia. 



Cl 



B1 



A1 



rvw^ 




rrm] 





rrm 



“rwv^r 



TYYY'f 



N 



cl 



bl 



al 



7- (J122I 12-7 (JSjj 



: 13 7 ‘‘‘^' ^3 4_o djI^iaaJI £jul 

^^lc.1 JJ jj2j NA1 21 A_^Laj A&L2I i—ijlac. (jj&c- (jj_y2l slajl ‘ * <j-*- < (12.21) ^IjqjVI clil^aio (**1)1 — 1 

.^jll l. B2 j <L^3l1q Al (jl Iao/. .12 AftUI 

Ja2^/) I2.2L A1A2 a ^ ^ ^ Star 21 ala2 aaUg ^jjjjI —2 

Star 21 ajl j*sl -3 

(a£.L2) a^oj s) ajaI^jVI Ar--jjA-v Star 21 al 21 a^2g (jajj NA1 a aj^I^II p,^, — 4 
Phase 21 (jl Aaj c Dy7 (_jA AjAlaj^l ^ r -j^ 21 (jl ^l c a*jL2I AC.L2I JJ jj2j J122I liA ^gk 

. a^jp+150 J Aa.jj 210- ^12 Displacement 
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7 ^4j JCJI Ja. 13-7 (J^joi 



I EC Code J ^ clI^jjII liLL Phase Displacement Jl l_>L^ ^yJ\ ^iUj Jtili 

^ LiLox-a a^L^jVI 4-cj^-s^ll cLjjjlilkVI l_sIj 
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J J (_£ jill CjV J^-A £^>a3) 




IEC -SI (j-a Cj^Ljj^ajjSI i* J 
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0 


1 II HI K 

LU A [ 

Yrf 11 

i ii iii [ D ' 

LU X \ 


WjjA [1 

cJO Dz< 

WHA I,) 


irtij A 

'M A. 


1 


LU JL 

Ydl D 

® <f 


6iA i 

>1 ' Vi 

UJA il 


ii£ £ 

) — 


5 


UJ x \ 

Yd5 D 

»Ntl<i 


UJA i 

y5 ■ Vzi 

*a n 


UJ A 

5 

Ma 


6 


UJ a : 

Y * 6 :D 

m t l 


1A b 

16 Dzl 

flfify : 


ktn a 

* 

fWr 


It 


UJ X | 

Ydll ^ D 

dwi i> | 


IA i 

yl 1 Yz 

ujv : 

L 


— ( 



IEC 
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jill CjV 



Additional connections 



2 


f 

Dd: 

! li 


Ml A [ 

2 Dz2 


A 

fcf. If 


4 


i* 

Dd; 

E 


Jij) A .5 

4 Dz4 

Ml A |) 


lilt A 

l 

hWiA 


7 


Hi Jui 

Yd7 Dy 

JU J> < 


lili] A t 

7 Y2 ' 

Ml A £ 


ii JL. 

IWA 


8 


i 

Dd 

ll 


1A| 

e Dzg 

(Iflf rf 


ltltl A 

\ 


10 


It 

Dd 

t 


M A [1 

10 Dz 

#v \ 


lilj A 

10 



iec 2W9 j 



127 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






^jiuj-jiD 



ju ij^aj uJ 


3ulJ±ja*iil ib 9 




^U^ll 



ai& ^j-o (Jj^aaJ j! (j£-aJ Ujlfl ^jjljllj ^I^JjVI 



(jjj A^L^jVI 4jj|)^ L-bal^ ^gic. Aj) £_AjoJ) {Jj^aflll Uj£i 



• ^ 1 ^ t " 1 t K L " tl_f^ r\-N. r\\ l ^jjaxj la&fl &3 a) lAj^-ilil ya i oA OiC- V©CtOT OfOUpS AjAl^jl t " 1 1 r_j ^ -v ^ ^_ic. dj^Lli^jj]) 



1- Group 1: 

2- Group 2: 

3- Group 3: 

4- Group 4: 



Zero phase displacement (YyO, DdO, DzO) 

180° phase displacement (Yy6, Dd6, Dz6) 

-30° phase displacement (Ydl, Dyl, Yzl) 
+30° phase displacement (Ydll, Dyll, Yzll) 



i ^a Connections djV^-dl ciiUlo 3j * ^S' c 3 3 ^l)li 3 1 3 ^i*xj 



1. Wye -Wye ( Star- Star) 

2. Wye - Delta (Star-Delta) 

3. Delta -Wye (Delta-Star) 

4. Delta - Delta 



.^* 1 ^ 2^11 3-^ (JL>^ t j >Ia Asl^aVd 4 t o da] I o3A A^J^la 3^ ‘ • dlljAAd 3 1 i^A ^3 ^taj y J un j 

I [yaj xlui .Adj^d) Cli^Lu^ajjll (joj CliljjlLo 3^- Ajc- 1 jju£ lAj£j > >■ ^liil A-oLdl ^jaILgII 



. Harmonics Jl ^ J j^=> ^ -1 

.A-o3c- aJjg^jj]] 3^2^ jjjtj — 2 



Harmonics JJ*& *J*a* J<iti 1-8 

: Al^U^Ji Sinusoidal ^Ic- (J^Vi ^£1 Ujli 1 — 0 aj^L^VI aJL^ ^ 



v(f) = \[2-V sin(dtf + a ) 
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(JjJaliol ^tij V] (JjJ ^gjilill i< 7 - Jl (jV ^^J-iaJI ^ laJI (_)Jj <] (TISQnStiC FlUX (_paj3 l ■ dl IjjJ (jjfJ (jl llajL 

l ^ Jlljls jj^jU UJa (jdjJI Ajlj<_a 

d(j) 



e = N- 



dt 



JUJI ^ JJUI *j=JI ^ j \ u ^Jlj magnetization current Jl jlu (j a Sin (^paj 3 (J ■ ^ j i iiS ! ^A JljjJlj 

? Pure Sin Jiaj Vj U^La 1-8 




^ ■• ‘ ‘.- ^ jlJ cJ^AJ ^J^aUI U L?^ '~' l - 8 J< ‘‘'' 

l Ajala Magnetization Current ^JaLi-JI jlj Sin ,_>da ^ (j.^-< aj \ asjuiij 

^)IjlJI^ (_)*ajaJI <LaJ jjjj AJJlJjJI JAaj (_£ JIj Core Jl AjxaJalii-aJI ^ j)V aJJij 4 1“ 8 J^-JI ^Jl 

.1-8 JSJJI <>aj 5-aj^^JI Hysteresis Loop Jl JU ^Jj <1 fjdJI 

(_-^j°ii ^JdJI jUJJ Re-construct <_U& -ula £ <>j 4 Non linear J\ Jkj*. jjc. Hysteresis Jl 

^Jc. Jj^aaJ ^JJ Ajl ljj£j La£ ^jju IaAj 4 J - 8 JJJ I LcJ j^jall A-aj9 J£, .Ijc- m\\ J j ^qV^-n. /\ Jj s \ ^ ^ \ \ £j\ .W'tm 

. non-sinusoidal ^ jjJI J£JJI li$j magnetization Current jlJ <j! ^y=JI <>aJll JSJ 
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A jjgLilaljjt xS\ ^jLj (j-a ^^gJujUll ^ lliiLujI 2-8 

aS) w-'... 3-8 ^ AjJ^\ ojiilj l^uJI ^j.in)-i'w Jl jlu JSJs ^ Fourier Transform jjjjji ^c.lja \1LL lilj 

LkJajI l ( 3 8 3^ ‘‘^ I (jjBL | 50Hz J OOjjtl 1 ^-aA! S-lC- ^j-a 

3 rd JL ^j*j U jAj j.^vi (j^llij JIaJIj ( 150Hz ) iiSli£ Uj3j t Fundamental Component JL 

. harmonics 




JjVl ^tai cjUaljj]! : 3-8 Jli 



Magnetization jlii <J Jjsj <j! <ji*j ^ ijxij . jiitillj A i'j'atl $j ^ a l$j£3 ojjj^ dltadjp til li* £j]a]ljj 

. 150 Hz b^y j^\j 50 Hz <1 [ahaJi (jjAu.lo.1 (jjjUj jit, current 
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( sinusoidal u ^ji]l J>=^ c±£i u' ^ sinusoidal ^ Jc. Jx^j ^ 1 -phase Jl CjV^-o ^ 2_^5Ullj 
jjc. Magnetization current 2 Uu a\ j£ ja^lJI <> ■ ^..■•< ji jjV sinusoidal J& J. ^ 

. 150 Hz d^^jp 50Hz jjjp Laa^. 1 <jV ^ u> 



jJua^l j-® jlJcU jfUs J-o^ ^3 $S O J£*j lilo 1-1-8 

(_£jl»iijVl *■ 3-31 (J^I3jj jAi«a-3l j-a LjJ^-juoaSI jLdi] jjl^ (J-aC> ^aJ j] <-** ^ Wj IjLa ! (jVi (JjjjaJjj 

?(jjjL3l J< jui]| ^^9 jj3j purG sin a jjauJal-ix -31 jLj L " v w ♦ 1^3* j^T j>& 150 Hz 

AJjuoJj 4 0j3a-3l jA (j3jli jjjlii L_bal^> ^ -vti ^jj^ajjuas purG sin a_loliLUxa1) jUj jl£ )3 <3 sL^.l<L3l 

l4 — 8 (J^JUdli ^ ^ Wt-31 




purG sin ^u«\U\\k* jU ^ ^131 ^J! JS3, 4-8 l£3 



J j ; (j**Sl\ ) 50Hz 3! Ua jjj^lJ jj^jj c> jj£* aJ c FouriGr Transform _i <Lkj ^ 13 ^illj 

jLj 3 Harmonic 31 i**um-q 13 c3j| SjUj jj*JI sl^iL3l jl ^\ <. 4—8 (J^3I jj^aj ( j*>iV^ I j 150Hz 

l_ia3j ^ 3jj-3I <31 3 Harmonic 31 jg j.^u-o- 31 j-o l^j^joi-31 ajjol^U*-3I 

.4j9 L_J \jC*JA jjc. £_lL3lj )3fcj 4 jj£^Lau31 



4 sinusoidal ^ Jc. J^Vnn non sinusoidal l-jj^uui- 3! jUl) 13 : 5-8 JS33I ^ a^^ja 4u^U3)j 

. jj£j31j 
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^ ^ j (_£ j 2 I £^.^>21 



In-phase ^ ^1 • Phase Shift ^$\ ^ iij ^jjJj ^I^jVIj jl-^LJI ^ A^LaiiAa 42>UI <*.}i\ J* 3 rd harmonic 

.Phase Shift ^ I ^ Iij ^jjJj j ^ic. uj q . < ^ > * <a 



3 rd Harmonic _fl 33^3 Star_fl dJLoy jrob 2-1-8 

V - S J< 11 ‘ ^ ^Ijjoj (J^did (_5^ c ' ^2321 Cll V^2I (JjA-iajJ 21^. ^9 




4_iL>i2l dj V^2I 'sll Jld ( ^lc« 4 _a^2I 4 \) i . ^>jj ^jjjIj 7“8 (J^du 

jj£2l AjjoulaUiLJI jIjj cj^>aj ajIj 4 sinusoidal voltage ^IdLVI ^ phase ^ ^A\ J\ 

(ifa +ifb + ifc ) Fundamental Jl cJjlJ ^ ‘ <3?^ ^ Fundamental + 3 rd Harmonic <> 

120 lg \nj ^)I22I ^^9 Ajj^lLo djljidj <2)12 ^)L^a L^ 0 J*^^ 23 •W’hm Neutral 21 _Lxk 4 jc2^I 

. Phase J! Qnk j Ujx^ 3 i3f 3^^ un^ Neutral Jl ^ ajc 2^]| i3f Jl dJjJs ^Vt 2^2 t ^4^.2 

^Jaju lg '&\ ( ^jIjjjVI ^9 j^JJI qa 3 harmonic Jl d2j2j V Star 31 a \\ >. ^>jj <jl a_j*2>L2I ^a*j 
jUi 3 rd harmonic Jl Ja>J jV ^LJI J£JJI L£ phase J£ ^liJI Sin JU ^Ic. ^ 

. phase (J£ AjjaL^Ui-JI 
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* V % 



jij ^ ^ ^ (_£j£]| ^gi ^^.^Jl 



3 rd Harmonic _H $ 3^3 J& bJj J) tlucg jrob 3-1-8 

LJ sinusoidal voltage j& ^I-slYI ^ phase J£ a^jJI j! '■>•<..■ 8-8 JSJJI ^ LJ UJI a} u. ^ 
L£ 0 . 1 *. phase J£ ^ Fundamental + 3 rd Harmonic <> (j^UI Aj^JabiJI jlu < - ^ ^ aJj 4 <3jLJI ^ 
Node Jl Aic. Node juc. Line current Jl Fundamental Jl CIjIjUj L_jLai^ Sic- t ^ jjjjua 

Node J\ sic. 3 rd harmonic Jl jlu > j,«Vi jja. li& 4 JUI ^ L£ (i fa - i^ ) ) ^jbu l$J IJJI 
jj^Ja I aJ V 3 rd Harmonic Jl cJjlu jl b&j 4 Phase Jl (jJj '» *• jLua ( _ s i& 3 . *•»■>. < ■ as 

. Line currents Jl ^ 




tJJI <Lj^ajj CjIjUJI 8-8 



6 ^j\Su$\ jLjj (j-o 3 rd harmonic Jl cJjIjj ^ssi Delta Jl a jj <jl <L^a>LiJI ^ 1-^ j 

Phase ^ magnetization Jl Js <jV phase ^ ^jJJI ^ Sin JU ^ ^ ^Jaaj cjSjII 
J , sin wave 4 j _L*j £ <>j 4 l^jli Vj UJI Jib circulate j^ -cJJj 4 3 rd Harmonic Jl a_£j* 
-8 JSJJI L£ ^IJjVI t> Ajjp-mJI Line currents Jl 3 rd Harmonic Jl j$Uj V cijll <_>Jj ^Jj 4 Phase 

.9 
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^_^JI J£^ ^^lc> d\y ^j\ 9-8 cJ^jj 

Zig Zag _JI iLu^^S ^3 3 rd Harmonic _JI 4-1-8 

dJiai L_kL&li L_kLi (Jjj^ajjj 4 ^ Neutral Its j jUoj 4_1U> ^ 

: 10-8 ^ US Zig-Zag ^Tertiary winding J! 




— A Ay \ AJjj^ajj 1 0 — 8 (JSjuj 

. 1 (_^jUjj L_Ludj <j! l^a AiyWI CliliLJ) AjjLxlLq ClilalU <j! ^jiajjilaj 

aUjII cjULJI 3 rd harmonic Jl <£>* ^IjjjVI 3 rd harmonic Jl jlui* 
a^aUjVI si.-^J I jAj Line voltage Jl J\ v*.- <jjLJI JUJI ^jiLJI Polarity Jl cjIaUjI t_iu^.j . ^JbiiV' 
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(_£jiiil -a £^.^)JI 



^ Ua djLJI sUAUI (jSJ c Aijj*^]l line voltage J A_aJ A and C jjj !Aia ^jUn.. two phases 

. 10 S (J^ i AjjikJI aJJa-JI ^yA ja LoS ajs 3 harmonic Jl a_Jj-q & l I 

3 rd -II Aj S>ja ( _ s ic. J lOjiia ■ J-a (J£ AjjpJI j)l j»£j3 4 I oAjjB A lj , jj ^Lol lijl A ■ A II ^2 ^_iaj IpAj 

JSJ ^ j^kj ^aJU £ (>j lill^LaiJI :u& j$k; V aj£jJI oaa J VI 4 non sinusoidal aK.^i JUL * harmonic 
) ji.^^l ^ V ajSjJI o:>a j$kj (jla LjJ ^liiVI ^ Delta Aln-~.jp lia-ikU jlj 4 i, -U Sinusoidal 

^jjjjll i-.Kn* ( Delta j Zig Zag j a li - — j".n o Aa aj^aI dul£ Ua j>^j 4 (^jjLJl) <JL". ... Jl '. v- jj - ^^IjjjVI 
£jJ a L. - ,~ijj]| oj^J aJU- harmonic Jl tiiVLu^Jj 4 Unbalanced (jj£j IJlc. JlaJ^I <-u* 



136 



http://www.sayedsaad.com/montada/showthread. php?t=71 630 






Hipjfitt^k giUjUl Jiiii 2-8 



LaAj t (J^LtlJI AJa.gj £jJaj c. - Un'N A Vn^<a A ^lajVI ^jJC^j Lj.J (jl (Jjlstjll Ala&j ^j^ajjlj 



L> 



jJaJl 



.lie. 



^ £ 

. ( Ungrounded system ) J33SU ^UaiJI : H3I 1-2-8 

(jjj j i l Q '' t '' a j j ^jjj Z Aljlx-d]l j 4 ^uajV I j A-Iaij (jjj (JL-^ajl V ^aUaj]l lj& ^3 j 

j l“ ^jjj djWl^^ll Lai 4 LL AC-j a CllLL-aj^JI ^jjj djLjfLJI j . Ljajl <. <t&A\ (jjlnaj^a ^1 



-11 8 (J^joJ! La£ jLjoj (J£juj (jiajV I 




(j£-<u2 ^jiajVL aL-^Lq ^)JC. lg-jl J* n«\ V ^UaJ] AjjJajVI (j^ajL-a^JI ( ^lc. LUI CiiW^xa Ac.jxa'Sxa jjjL (jl cLu^j 



. I^UaI 



<01211 CiiW^xall (J^Lk ClJjLiJI <jlfl ^aIj^su&J AjJajj-<a ^)JC. I^_i3 (J^lxJI AJaaj Q^£j ( ^lJlj 6 St3T Jl ALj^ajJ AjjudJL Lai 

(Jj^xall JjLull AJaaj ^jj£j ^UL j ^jiajVI y jA (J^LtJI AJafij ^jl i f> n«\ j . °120 Ajj|) Ixag m j AjjLulLq 

AjjJajjjal C_)l Ai^ xa Ac.jxa'sxa (j-<a (j£J aJL^JI &Ja ^ Jj*\xJI ^jl jLjc.| <j£-<aJ j (jlajV I y (_£jLaiJ Ia,^ y 

• ( Ca , Cb , Cc ) 



I (jlajV I (jC- aSjL*-JI (J^LtJI AJafij ^UaJ 

.1.1^ aJIc. Z Aijlx^a CIjL Cl lLj£^a (JLLk I ^xaJ AiV 1*1^ ^jjar (jjfL ^Jj-aJI ^)Lj • 
. ( Short Circuit Level ) 1^ jj* ^ j^l c& 3 ( KVA SC) a*j$ jjSj • 
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jij ^ ^ (_£j£]| ^£ ^a^-all 



l ^aUaJI IJk (. > 'J*J 

V|_j ne A dh (jj^kVI TWO Ph3S6S ^c. .l^-aJI ^JjjjjuoS ^yajj\ j 4 Phase (jjj jj^aS dj.la. AJla. • 
• Jj'j*J' ^ y^>\ (l^ine = 'j3V phase ) 

. Sj^^.1 V j ^*1^- JJ* (jJajVI j Ph3S6 _JI (jjj jj^aiJI jUj <LajS • 

j Phss6 _JI Jiac- ^ 2 lj aJU> ^ ajjj-ojj jBT IgJ (jjSj ( Transients ^ A*ij ^ s^jIc. ■ ^ jjfLaj • 

. Phase -Jl >1 (j-a dlj>& 6 ^] 4 (j-a AlLa-j3 .Jj ^ajVl 

. aJ^jolj 6^J^J j)£-aJ V dj.la. aJU> • 

. ^)j^a3 djAa* dc> (jAJj JaaJI (jjj AfCinQ Volt3Qe ^aJjua-a ^jJajjH (jjJjii Lad * 



fUaifl s UlS 2-2-8 

S^Lj] AjS C-JjC^o IJ&j^ ^jJajI ^)j^a3 djAa* A AjIs^I Sj£^.l ^Jc« ^)dlj djAa. jpa. jJaJ (JjlstlJI A *i ^jiajjlj 

(JjlxlJI AJaJij ^.Ij JaaJI j)-a ^jju^aall SjjIj ^)-aJ j>«o4l ^)LlJ (jl L " V^J - ^ aJI ^UjjI ^ c - \ u ^Sj^-aJVI AjjujLuo^. 
^jc> a£jjuo]| ^jj£j La.ijc> <-** v (_£J]| Arcing Voltage ^ajjauJI ^dajVI (jjjjiJI (j-a Ajli ^iajVi (_£Jd 



Adajj^a 



LL& J ( V 3 Vph ) Jc- V J^l Jaa^ j Jaa^ <_$! (j£ <jtfl j^iUJI c>aj/tJI ^J^ 

Jaiil J>JI (JjVq ij j ^ No Floating Voltage ^ jjc. ^jIc. ^ ^ tilUA a j 

. cLjIjix^]! j ^al A IjLJ A-olc. Aij^^aJ A (_>aJj tj ^allaj J-U*Jj . Clsljj£-<J) j CLS^j^aW 



IA-oIa CljUaa^Lo 

^k>.\y V ^kk\*\ ^^gjJajI ^jC. (J^IxjI! AJaSj ^^^jJaji (Jj^aS <. > AJafij ^jiaJjlj — 1 

. ^jJajVI j Aa^j s-UjI 

Unsymmetrical Faults a-LIaLo ^*-11 (JUac-Vl Ajoj^ x^c. s^judj AJa^j ^^^ajjlj jl ^ajjtj jjI _j^Jaj — 2 
. Jtill ^jaJI ^ Symmetrical Components Jl W4aj jti\j 

: Y Y &jkl JatfjiJI 3-8 

CljliLij V (J£juo ^ 1c- ^\Sl^\ diULa (Jj^ajJ ^1 Y Y Aij^Ia 1^ \)} i^ja CIj^j^aW dliLa (Jjj^ajjil da ^)la 6^C- tilllA 
Phase Jl (jl (j^-<^ 4 lg JC» Ajjjx^a jl (j^ajVI-J Alx-aj^a N Jl AJafij (jj^j (jl (j^-aJj 4 V (J£juj (_^j\Jll 

. 14-8 cJ^JI ^ ^ 180 J jL^ 1 1 ^ m Displacement 
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Y Y <L> : 14-8 lS^ 

.^.ipaJI c_Jkll ^ Limb J! Jc. U_* ^ (jj^L^La two phases J£ <*_&] ^jj ^iSalLj 



: Y Y Jl 4 aj> ol^ 1 - 3-8 



K 



(j-aj — — phase (J£ (_5^ c ' (jY yW Cllli (j£j -laj)^ ^^9 l^.l^Jjaj| ^)j£j Aij^Iall a,!l& 



.4 C1j]jIjj]|j 4_i]l*JI Jjg yW 4_JL^ lL^j^a!\ L_Ludjl jAj . (Jsl Ig jlc. <jY 4_al£j (Jal (JjIjjlSI (jj£j 



: Ifria ljIjjas £ Jxj ja4jj Luajl ^Aj 

^ sjxaU d^j c Phase Displacement ^jj In-phase ( j J £j ^bjjVI ^ J -1 

4 qV^-v ^\1 Jjg -\W (jjd CljLskJ^ l^J A^JjuO l_ij2l] (jl£ jh 4 q\^-v ^\1 dsl j L^j\l L- iKini ^NUin L— 



(j-a Sjjudlxa .l^.!j (Jj^k <a 4Jajoj|^J \ju* (j J,^ ^ ^1 i-j 6^ ‘ 66 , 132 , 220, 500 KV ^ J&, 

^ ^ 4j»juA > i j) 4-ua )ji£aj 4 220 J] 132 (j-* jl 6 bLLa 500 - 66 

i^ja 6 4_ixjdj ^niiL Ja^3 Ig x>>» j 4julji<<i (_^l Cascaded cijY^»a]| u* L^lUa 4^ hm\1j 

Ljajj phase h n>i\ Lijli Jajoaj ^ !>LLa Cy* (J^»* lii^I (jl£ ^4 4 

* oi&j 4 
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(Jj; a J AjjlLo ^jiajJI (Jjoaj ^HiJ phase (J£ dllilll ^j-<a (Jal JJjJ \±i\ LjaJ ) A aJ& Cjjjj^a^a -<aj — 2 

•V|jne '^i > (j-® 57% LJj ci^Luij Vph ase JI ,N| g > (jV tillij 6 Delta 

J] 6 cJ>L^aj-JI cJlij 6 (j j£j ciilaLJI ^jjj Capacitance Jl J l@j]jj>a>a u-^j — 3 



^J i J J \j^A\ sjL) Jj b*j c ^j- ^jLojj Jl)j Surge impedance Jl a^A 

.JjJ! A ^\W j| t Jaljll Jjlcj ^a CllULaC- 4 n 



^ w li] LjL^.1 1-l^.lj (_£Jxj <lxak ^j£-<aJ (Jj j!JJ (J>^-^ (J- 0 JLl^.1 AjJxj ^j£-<aJ 4_J (j-<aj — 4 

Jl jJ JjL J& Short lUcj qi^i i ^ JLtxJI phase Jl cJbj <, Phases Jl jJ Jc. 

l 

.<aUall ^j-<a %60 (j-a l-Jj La ( ~~^- ) (j>» . i J l! x ja j tJlJjj 4 ^jxaJjuJI ^jAijVI Phases 

v v3 ' 



: Y Y Jl £b> 2-3-8 

IAjjuIa qJjjuj (_£j!JI ^ >■ jli ^JLaJI aJ& 4 4_jJajj-<a ^)JC. N Jl ^Jafij d±jl£ bj Ja£3 jg )nj (JjVI c . \j» II — 1 
.aS±l ^ ^jA jLaua J zero sequence Jl jLj jV distorted wave 

^)JC. (JjlatlJI <Jaaj ^Jj^aJj (jj!l<a ^JJC- (Jxa^JI Jjc- Jl (jla (Jj^-xJI Jc« (jj!L<a ^JJC- 1 ^ J-ijI — 2 

. ^jjUb <j^aLk]| N JL (Jxa^JL <j^aLaJI N Jl (Jjj^ajJ ^JJ ^J La 4 JiLoua 



u^likjl Over voltage djj^. ^ LbJ jjiJI cjVj^I 3JU. ^ 3 rd harmonics -3 

. JL^Vl 

LL^a J b] Lj£J 4 N. Jl (jiajJj (jjj 4 JU J 4 (JjlxlJI jlaaj (jiaj;lj ^aJc. XlC* C' ),W\ AIjLJI J£UlJI ~4 
*J|j grOUnd fault ^^^jjajl (JIaC. <11^. 4J| A A A K A\a Jajjaia ^jjajVL (JjlxJI ^Jlaaj 

J . 15-8 J^JJI J PrimaryJI Jb A^a <S j^LIoj JkxJI jlj jla Secondary Jl 
. ^jjL]| Sjjb J Ajjjajl JUac-l ; > iu*ii primary Jl N Jc. <j£j-JI Ajtajll sj^l Jx-JG J c > t n^u 
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VV _JI Cll ^ <Jj J ajVi (JUaC-Vl CIjIjIjj oL^jI I 15 — 8(J^j 



djlaLoll ^ 4_^.Lua^i 



(. LbaU IJl^ 



<L}llc> (JUaC-Vi s-LjI A ^ ijl^ . la] I (jl 4iL^)ia]| L_1 jJC> (j-°J — 5 



. Line current J j& Phase ^ jLJi jUll o' i *\r* 



:4-aU 

O-o o^ '4 V] YY <_ 5 ^ (j^j^'j c — ^ ai^aVl >^1 single phase _SI o-a (_L^ (Jjj^ajj ^ x^>j V 

Unsymmetrical Flux o* j^\ ^1! jV Core Type Jl 
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jij ^ ^ ^ (_£j£]| djV ^^.^Jl 



A-Y Sijto J*«>ai 4-8 

jA (jjfLa (jl l 4 16-8 J< 11 ‘ ^ L<^ A - Y JjL^la CllY^a^JI (Jjx-ajJ ^9 jjLuIljl ^jj£YI (j>a 

.ILLuj 1^2] Ujjuj) ^^21 YY (J^Lui-a jd£]| l . 6 Y _JI ja (j^J2lj 1221 



A 




jor 


A A A.p 

/ V V V I 










A J A1 




al a2 

/V A /V /V 




a 


B 




me 




znjr. 








B1 

A. A. A. A. 




r i 

bi b2 

A /\ A A 




b 


r 








TTIT 






C2 Cll 




1 1 e 

cl c2 



A - Y J-L^Ia : 1 6 8 cJ^ 



(J£juj ^Jc- HV JI c_ul^ (J u^tjjj 6 Iph <J£ LS* (J^LLIaI) jL2l dJa* Deltajl^ ^Ic. LV LJjk 

(J^ Yph 'sll Sjxa ci b j Star 

gJa (j-a 2 j-21j 4_Lj^ajj ^jj 12 lc* <jY die- ^) nan Y ^ (J^Ixj A ]^<Ti , ^>r fc J 

(Jlaj (j-o <La22l Voltage Signals .^^>21 3 Harmonic ^jl 1 ^jl JJj^]2I ^Ja ciJjj-a-a (j-^j 

.^121 ^121 ji j&j Yj a ji 

StarJI L_ui_^J (j^aL2l N JI 2 jjLaui ,Kjm (_£^J2I L_ljL2l ^ ^^gjJajYI (J3axJI jLj (jl JJj^I2l gJa ClJjj-a-a ^aI (j-oj 
ground protective Relays V ^ < j,^2l ^ JlLc-Vl <>Ja J> ^ ^ d>^j ^ 

. (jjfjl^JI ^ AjjJajYI (JUaC-VI AjJa Ajlijll S^-^-l (j^ JjjjaiJJ J-aC. 6 4_Jc. s-lllj .^I^IjYI ^ S^jaLj2l 



£^JI IJa (j-a (J3ac. dj,^, 12 <j| ^Aj l_ujc. jxoiiia cJ^j^aW i^a ^^Jl Ua Phase - to - Phase 21 (JUacJ 12 

. J12I J^dJI ^ 2:1:1 utin ^gjI^LYI ^ a 2J2I Phases JI jjITu^ <j?jj!2l 
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JaaJI 6 (j£)^V( (j^laaJl ^ jLJI jLull c q» >>> Aj ^)AJ L_ulaJ) ^ (JLujVI -LaJI <jl (J£juJ) (j-Q ^jJaJJ Cilia* 

(Jj-^cll JajJaa* (jl V] ^jLij L$\ A_j ^)AJ V ^9 ajllaj (_)iaj£iL<a La^ ^jLij L S' ^ (_£^jlli]l ^9 (_£^*-^ 

(J£ ^^Jc. OC Relay jl^ l_i£jj u^ (0^ x *0 • 2* 1-1 c- uCn Uj£i Lo£ JlaxH jLj lg_j j-$j ^IjlajVI ^ aj!>IjH 

c n*i«s i ^ (Jjaxil Jrf* u' iaa.V . CliV^a-All (j>a A_iC^]| aCA ^9 A_L^a&La PhBSe 



IsTAR = EDh - Dh = 


V3Eph- 


2Xt 


2Xt 


Istar = 0-866 x 


EDh - n 




Xt 


Istar = 0.8661 




Idelta = Istar = 


J 


V3 


2 


Iline = I 





I ^till (J£judll La£ ^)\jd]| djjjLma (jj^jjaiS ia£3 Ca.lj Jaa. ^^ic. (Jiaxll £9j lij Lai 
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jij ^ ^ ^ <*— jV 



A Ji djj^ A-Y gjill qa J ij^JI c j J £j Generator/transformers cjIcja*^ j! jjJij J\ ^11 jaj 

Zero sequence ^uaj ^1 A Ji ^ sjliiuiU cillij 4 Lines J c_i>U ^ Y j Generator J! c_i>U 
. Vibrations ajL uc. <. . iiuiij ^jl ^I^aSI a ^ 7k ^Jj la^Jl a ^ ^ ^ja ^ja currents 

Ground A-uiajVi (JUac>Vi (jA a jI a^JI ls ^ u -0 a g 7 k ^a a (JUac-Vl (J3*^ ^ ^jl Ia^ 

(JUac>^U 4 u>nUj lAjl^siLujI ^jAjjaj (jAj 1 . 12 *. 4-jujL ^jj£j 6^lc> CjI^]^a]| fault protection 

.A-i2kjLiJ! 



. Aa-I^LSI (JA Alii!* (Jj)*\ a\) (. - la. A3 A-2fcjVi -1^.1 ^ic* cJ^- L> * V<W I3j A 1 UrO jiill £A (j£i 

phase angle J phase shift jVl LjJ UjI jAj ^ YY ^ i L-hj aI^LJ) <>i&j 

.LV ^ s^jJI tsllij HV ^ *^j^a 1I Cj|^Lnl! j Displacement 



^ja ^UlLaij aJ^joij ^j£aj (jjj phase _ll cjI xti^N Ajaj£ ^jc. ^jLuJ) JjLAaa]) ^ IaL^ja ^jUaII 

^lij cjAj 6 Pi"i Ji Sec ^ ^\l (3f^j 30 l_JLoj 1a$ \n LV Jlj HV <j! 17 — 8 

.Ljaj! Dyl liul ojIj aL^jjII ^ ^ c j£aj j .Dyll=Vector group 





al 

bl 

cl 




A-Y -II ALj^ajJ ^ AaaI^jVI A»Jj|)]I : 17-8 (J^JA 
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:A A JliL«ji5-8 

(jlaj Ajjj^ajJI ajlA ^ Iph jUl (jV ^ij^JI jLJI Cl lli A.jJnQ'CuJI J ij^JI ^ Y Y J ACjtLa A Lj^a jJl aJA A_iaAI laJ 
cJjLJI A_U. ^^9 CllV^a-JI L_Luojl ^Aj . JJI A. )xl^j ^JalLJI <■** ' ^ j)>& Jsl (Jj^ Jl CllliLa (jl ^ \x \ UAj t l|jne (j -0 57% 

(jl Lo£ 4 A_^.Luui j» > ro c _ ijjudj AjLClfLiJI J^_JI ^9 dlV^a-JI C. ‘flxjJal A_jJ . A,jJni4o Jl J^_Jlj J1UI 

.<j£-aj J ^>j£I AjjljC. ,3 c> A-iJ^JI cJjlgJVI 



^aJVnuVI ^plj ^pll Ua Lo^aC- jj£i - (jjj^ .Jl j)>& (Jin* Jl 4_aUI Jx*a 9 - 1 *J Aj^JI AjUlLg «lJ ^^9 (JlaC> Cllj. 1 ^. A_U. ^^ 9 j 

. Au 9 J^lxj aJo£j C^ 2 kj 




LiZ7f^Oi- e1 




vbc 



VA1 v4l 

t 



:A A Jl aJjj^sjj : 18 8 (J^c 



JajJa^JI X? Delta Jl Clllala (JkJ JIal l^jlic. Lja-oj 3 HariTIOniC (jl Jl A_Lj^ajJI gJa cJpxixi ^»aI (j-oj 

. (18-8 (jjplJI (jjj A_iA JjI Ajj]j V A_j| J£ (Jj^ Jl jjJ. 



a^UJI ^j^JI ^ L£ a^jj 120 c5jl^j V phase shift Jl ( j J £j Harmonies. Jl oJa ^ 

LjAjjuJj 4 In - phase (V c , V^ , V a j .^_JI (jl Uaj * A_ 2kp 360 a^LaJ oj^ Jj 6 ^L^iVl 

. iaas Delta JL 3_^UJI cjliUI Jib 3 rd Harmonic currents Jx>a 



^li!jl ^ C > t ua\\ Ajli ^^jJajI JiaC. lili 4 AjJaJjtj j)£-aj V (j*j 4 N C>?lj j^9 A Ijx^n jJI oJa 4 -JjJC- ^aI Jl 

Uj (_^j.VI c^Vj^JU aJjU c1jV^-JI oJa JJ ^ lSj^ ■ uxa uj^ liAj 4 aJAJI djUUI ^lc> ^j^JI 

. Iajjc- (j-<» aJ£ ^p^I 
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jij ^ ^ ^ CjV^^a <J ^^.^aII 



J_JtJI CIAajjuJJ AjutiA (j^AJ CjVj)^v a\\ 6.1& A H^ljV 1 (JUaC> V I (JjLa. (J^*** ]| ^j\jj ^jLulA slj 




A A Jl <1 i^jj J Aj^Ji I JUa^VI : 20~8 l£A 

Jl closed circuit c]a£j] (JJaxJI jIjj .ii^J JjouJI jjli phase Jl .i^l Jc- j ^ <*— *^*-9 

6 J& Aijl*-o ^UjjV 1.1a. jajlx^x (JJaxJI ^)Ijj jjjfLiiai ^AaJLj 4 20“ 8 (J^juJI ^9 Ia£ JajJaaJlj 4_x^alaJI Capacitance 
.system floating <ULa. Lijl (JJjj 4 JJaxJI IJ& JaxJI ^ajjoij <jl (J^-aJ (J^aj (Jaj 4 cij19j£-<JI 



(_^J]| £^JI (Ja JJaxJI <jl£ IJ] cAJJj 4 1.1a. £JL^a JJaC- jIjj ^JJJ (Jjj^jI£J JjVn .Jj UjaJ jAlJ ^Ul jJjl \u Jl I J& <j£J 

cIjVUJI dJa Ja 4 ( IJ£aj J^ J^jj ) Intermitted Fault J 4 Arcing Fault <jlj Jc. ^jiaj 

jj$*JI dJaj 4 phase voltage JUJ 6-8 Jl J^ ^ over voltage ^Jl J jx£ ^lijjl Jjj^J JLU uJUa 
JJaC- Cljj.laJ cAJJ ^atJ (jl (j^AJ IJ&j .4-aiia^a (JIaI JaJaaJI Jc- JjljxJI Jj^j! (_g-3 <». T uJi j)l (j^AJ 4_JlxJI 
<jJaiaOA J_aj ILaj Jjajj 4_j£J JjVI JJaxJI ^)\jj ^JjJAJ ^ajoiJ 21 8 J^juJI ^ Ia£ .la.la. ^)^ jaUi tAij ^ (Jaj 6 _J^-I (> _ 5 jJajl 



gjl li& J Lj\-l^.\ JjLu-aJl <il£j <jj£j tillilj 4 JaLa-A J CAJjujJJj * oAAj JjVI JJaxJI jljJ 4 _aj2 ‘ S^aJI 



1.1a. Ax^jrya 
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A A -Si d\y ^j\ ^9 dJ^*Ha]| AjjJajVi (JUaC-Vi • 21 — 8 (J^juj 



Zig Zag —II iUji 6-8 



: L-uSLujI oAxj ^Vlml <Lj^ajj]| aik 



Interconnected star : JjSfl ujiutf) 1-6-8 

t Interconnected star LbJ <_aj*j 3JUJI ^ ^ <. Zig Zag Jl li* 

. 22 — 8 (J^ ' ''^ ^ Lq£ CIiULq wixai 4_lu^ajj ^ ^jIjluI IgJ ^j-o-i] <j) 
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jij ^ ^ ^ <*— jV 



\ i \ '\" Phas 6 shift ^ljj V cijjjtn]) jij^y^ ci±i^. A-at& a lu^a jiill ai& jjajj j 

ai&j . a^p 120 6 j-^ Phase shift l ^ I ij ^jj£j djjjLnH jjj-* 1*1*3 ^Juj l Aiu <. In - Phase q^Sj ^^3]! cij^lul) 
aa^jjujj LuoLuo! q I jilj Zero secjuence. cijjjLni] 2 *■ ^ ^a^jjujj a La ^jj]| &A& <jl aJ^Louj s^iaII 

. cjU^IojVI ^ t 23-8 cJ^J' ^ l*£ Earthing Transformers L> bjjfcl! 



< l j=J cjV>=^ Transformer Two- windings <> ja&j J^f jii*j 3JUJI e j>A ^ 



# 1 -^. -^. ) L S-\ \ L n 



power transformer 




(jiajjtl]! ^ cIsV^a ^l.vVnul : 23 - 8 

U-iajI Ia£ c UnbalanceQjj-o (JjaVi c^IUa (jjfLj Iaa^c. L — V c!jV^-a ^Vntn Ljajl a d3&j 
.(A rtificial Neutral ) JU aILlJI N Jl 4 l*£ N 4 ] ^jj V ^1 Inhll ilu-ajill neutral 
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^ j a ^ a CIj Vj^a ^gi £a.^)A]| 



: Delta - Zigzag <xL*>$> 2-6-8 

(jl l^'\ tD Z ^yAjJa ^_g_ 9 ^jQZdQ _il aIia — j"' ^ LgI-I^IgmI ^jl!i]l cj^LojVI Lg! 

.Zigzag (J^d ^glc> cJ jL-a j^ ( cJ ^ ^ ^ ^ IaI c Delta (J^d ^^lc> (J^-ajj ^jldLYl 



\W 1 aq j (jc« (Jj^ a]| ^jjj (Jjc- (3^^ ^ 3 Harmonics £_ 1 a ^9 D — V AiL^la AiL^]a]| ^jia aajujjj 

j ^ ^-aJl j ^ Zigzag ^ ^ ^-aJl ^jjj Phase shift .i^jj Y A_j) l^j ^-^Lja] Sj^aj djjj 1 $j£J 6 

cijjjj-o ^jjj d \* Ay aiA ^jl c DD_1I cijY^a j! YY cijY^a dlli ^ Ajjdj IgJl IIaj 6 ( Delta 

. yjjjl) cIiY^a 1$ x>1^jjuj! jj£j l^lj ( ji^Jj ciiSj ^ aLLoJ) d£\ ns -* jjli 



(Jjj^aajlU La Ujli Ailj^ajjl! aJlA A_i aA^ 



Delta-Zig Zag II Ju^j dibjia 3-6-8 

Ix-q ,^'\\ (jdlA ^ ciiULJI ^ja ^jjoc>j)^^k a Ia.i^ 4 Zigzag J! a \ n ^tjj ^jl 4 

(Jjj'V^ C_fl|^)Ia! 3 i^ja lg_j| (_£JJju j (Ja IgJ dj^Iaj D j Z AlL^ajjS ^jaj 4 (Jjj^ajjil Jaa9 L-flj^lali d_L/tj Ia^J 

^aLk Iaa. 1 ^.! 4 ciiULa 3 j\& LjJ^jjjjuj (Jj^ a'I Ja.b Limb Llkta IaI 4 ^ Z ^ a 2 >Ijj ^ Delta ^ 

aJL^J! d^a . 24-8 (J^joJ! ^_gi Ia£ ^ al a2 j 33 34 j ( Z j JL ^jjj^al^. (jdjYij 4 ^ A1A2 ) Dolta JL 
a4- b4- Bushings Jl ja aj^I Secondary J) cJi^alj A2B2C2 primary cJi^l c j J £j 

.c4 



149 



http://www.sayedsaad.com/montada/showthread.php?t=71630 



jij ^ ^ ^ CS^ j^a ^^.^a]| 



A2 


A1 




a? 


a3 












_j — 




82 \~ 


Bi 


bi . , 


b? 


_b3 J ---— 


b4 


C2 - 


— Cl 


C 1 .^t-y-v 


c2 


C3|— — 


vw%— - c4 



n 



A 2 91 



/ 



a* 



a3 bi 



A1 



C2 



B2 



Cl 



c4 



b2 

a2 r-T vvrV,v ;i 

< c2 Cl 



b3 



/ 



ai , 



b4 



c3 



* 



C2 - 



« B2 



bIW 



cl 

-► 



cA * *ai 



1 b4 




Delta-Zig Zag J! Ja^jj : 24-8 



A J- 03 ^ N J«o^ (J £ljj?-jJI J^-o 4-6-8 

^lc> zigzag 131 ^^.aa 13a j cJ^j^aW &3a A_i]lc. ( ^ 5 jjajVl <Lojli-a \ ^ 

a ^a 25-8 zigzag J! (Jj^xn 4_x^aliJI N Jl a-lJojI <LajtLa (Jjj^sjj ^ Jl (Jj^x^l ^a 

. Ground ResistanceJ .Laa ^linUj tilk« N J! 6 3 a (_ 5 3c« (Jlx^.1 (Jjj^ajj c > V Aj| 
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J J jill CjV J^-A ^ £^>^3) 




A J j-aj-a ^qjq-s N (J^c. I 25-8 (JSjui 
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(^J l^xll {Js* jLciuXcl)) 

C£l$ptJU (J Losses OtayLoJU 



: g^llJl JLojLH 
* J-Cu l szj 1 (JLoJiI 1 



I 3-xS-«ux) OjJ^Q JuO l^C* • ^jjS* ^ I jLoJlJ I 

0^3s>JU jjo 4joIpJ1 JlJLiJ : ^lill JlojUI 

JjjaoJI *. j^oS' cJliJl Ju^xoJ I 
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£l jll mUI fa* 

Ajjxdj ^A (Jj^- /ill (j-a ^JOiLoiVI L j^Jla 6 C_jLa1I Ic^J d 4K ^)fi*J <LLLuJI Aj^yijll L_j|^jV 1 (jl JjSII 

(Jjar dn ^jU'n Li ^jd ^3 ^a-lilLd dil-l^Ld! ^3 (jlajiu (jjfL dllc (J£ ^j] (Jj 4 AjLlojLojI AjL jSLa L-fl^xjl) 

. (Jj^Xa'l 

Cl (J jxCIj ^jc. d vW> L £-*-*^1 (Jj^aall ^Aj ^Jjli 4 J ljj^a3 A joi^k ^^ic- Jddj dii^ 4 l_j1j£]| l_iI^jI ^}j£l l_jIJ! IL&J 

A_iL ^jdc- (jjk^aa]) ^aCdj dllLj J&J 4 dlV^^all ^3 ClllCjiLall ^l^jl £ fo'N (JjojCj ^jdlxJI (Jj^aaljj 4 ^jlj^l ^ic* 

dlli A_alik-<a «^.n>>lj^ <LljLaJ ^juoC' (_£Cl^JI (Jddj dll^. 4 (Jj-v *\\ (Jjjtdj ^3 (J-gIjJlJI ^jc. <-** 

Ic^J d lidal ^aJ 4 ^3 (J ^ ^ ^)j£l jA ^Jj 4 L_lU]| ILa ^3 (J ^ ^ ^)J^I (jj^A dllLj jAj 4 djV<)*\ x>\I (Jj* dn Sjdlxa AjjLlc. 

Phase J Auto-Transformers J c: (Jxg Aj^aLiJI Aji_nla]| dj|j dl (Jjxdj ^jc. L_jIj]| 

Sjdlxa A jjL^a A_1 ^-jjJaj^a (jC- d ^CuA ^dc> diUjll ^Aj ^)J^.VI Lai 4 ^lill Jx^xall jAj Shifting 

A^ajlVi/a Ss-la^ ^ lc> A-2^)Aj JlCixj (J^-a]| (_^4*_dj jli ^ ^adl ILa ^^3 (_gjlui LaflS 4 Cj^JLill ^-jdaj^ a ^Aj dlV^^all (Jj* dn 

. d-iV<)*s dl (Jjidj L-jL ^Jj ^Jj^adl ILa ^da ^aJ IaSj 4 Cj^)_u]I 



153 



http://www.sayedsaad.com/montada/showthread.php?t=71630 



jij ^ ^ ^ ] — a_ijj££JI (jjall AjVj^a ^£ £^.ja]| 






Ull J^ll 



jvjl^lll jilt ^Ij*=uJi J iriiii 



x>ll ( X-1U ^3 CjUj» > rO Kj"' i**^^ 4 (Jj^ ^ ja jj£I Jc. ^xjjud^J LojI J (JjJaSJ (AjjjAall AjAatlil Ajl ^a ji x-<a 

Ajijli CllV^xa £_iL^aJ j£a( Aj) j] Ljapj . (jjljjl) ^ UxSAj ^ Ia&j 6 6J^1I aJIxS) 

2_ll^aJ ja VAj gjjjjl) ^gic. ^-L^ajJ ^aJ l^-La 200 ^ la (J£ <jAJ ClS^j^A 10 ^IaIjjujI JjJaSVi ja Lajb jjfLLuoS 

. ll& IgJ j^ajarAui aApC- L-jIjjujV AH^j — ^Lx-al Ajr_iA^aJ j£aI Ajl jjajL ~ 1 ^ \a 2000 AjjAi A^jj (Jj ^ A 



f *Jt Jatjill feUI 1 -9 



: Ljajl lg_La lLi^j~\a\\ (Jjj^ajj] IA^Ajl!^.! ja Aj£ (JJ^V I Jallill ja AaAaJI AIUa 

£JJjJ ^aJ j] IaIu 4 A*Jj CllSj ^ Ja^JI j£ JjaUjuiS U Ji»e. c > iu*ii ^ji. a^.!j Jj^a (Ja^J! jl^ jl — 1 

Jj£l aJ^joiJ AjJaJjJU j£aJ aJU^VI *jj£]| ja sj^. (Jj^a ^j)J^9 (_£jlj4]l LS^ A-Cja'S a (> _ 5 AC' (Ja*s1I 

. l*K aJU^V I ^ajjju jA 

. ajj» x^i ClV^-A ja jj^JJ ( ^j]| AXjxa'NxaH spar© (JaC- aJj^joj — 2 

(JjVhhaII ja2 A^.!j (Jj^a i _ 5 ic. aJ£ jl£ j] jjj£j«JI 6 lL^j^aW jjaau (Jj-a3 j£aj (Ja*\ 1I jjailll |j] — 3 

^ Ss-U^ CAjljjl Ia 1£ (JjxaV^l AjjoA clixijji Ia 1£ I AJaj^\x> ^ °/o 10 ^] j| j\ A_L-a3 

Ajjjjg ^ (AjV^-xJIj Ajjllxi jar t^iVl lL^j^aW L_u£jj j (Ala j ^j.g_ja! (Jfjuj Lo JJ L_LJal — 4 

.A_l]lc. A oK CAli Ai^>U 



(^jl^lJI j5LLo 3 l * r >3xfr 1-1-9 

^K]( jl J-ajS j] j£i 4 (Jsl l^J£ljuL<i j LojaC- pjjar ks^W CL^j^aW ^)a“\\ j £_lix^aJ j I jjifjj AaAjoJ! A-^.Vq^ll j a 

A_ix^aJ (J-oju ^ CL^j^a\\ jjj (Ja I (JjAafil \x>g jli ojjar CIS^j^aW ^ja A^ja^a qa AjjAsu j£-a! 

.? (J-a^JI AjAxj] ^al A_L^aixo 



jV ^jliull aj^I A' ic.V I (j! Reliability <> <» jja ja (Jjj^sjjI] ( ^ 5 jajLajVl L_ua«Jli 4 ajjjc. j ajIp-o cjjLoj! (J£l3 
short Jj^aal) (JjJjmxi (Jjj^ajjl] ^jojLujV! 4 > Uar 'I La! ,A_l£ 

.circuit 
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^ ^ j (_£jjall cIjV^^ 



1 — 9 J< 11 ‘^ aJsl^^Lq (jfL<u A InVill 6^b ^JjJajj] j 



V Isci ^ ^ — ► ISC 2 IsC 3 

I Isci + ISC 2 + ISC 3 



) 



(_£jljj]| CS"^ cJj k «aj^l -He- ^jj^aall 4 _aj 3 ^-lajj! 1 — 9 (J^joi 

(j-a ia33 (jjj. il j L— aV^xall (jxi ^jLj ^)j^aall ^jIjj (jti 4_La iS^ jl (^^J-'^l BB J! ( ^1 c« ci^aC. .11x9 

(jxi ia£9 ^ja. (J^-a (J£ (jl£ Ixmj .1.1^ Ixij^a (jjfLjjoi Short Circuit Current (jl ( ^1 xj 1^ J S-^J^I 

. L-^y^A j)-a (JjjjIj -1^-lj (J^^-a (j-a (_£Axxi (jl£J (Jxa«\ll 

ciUi£ j 4 ^iSjJl jUll li* Jx^ Uxu^o BB J! c j J £j j! bjjjjjJlj ^jliaLj short circuit current J! ^UjjI j 

^Lajlnull <al£j ^UjjI jA Ia^.Ij IjJjui I, 1 a Al£j 4 Ai!>Lkj OB ^Jaljill Ljajl j 4 ^jj^aall l^_j j-<^ dL>ijl£JI 
<UL^JI ^ ^)\jj (jsihWuti C' n*\ 4 <L^aiixi CljV^-xi i _ 5 ic- bajuafl^ (Jxa^ll <jl£ ^LojJaiAll (jj, aiij AjjILg 

C 1 j^IjI£JI j CB Jl j BB _JI 1 g jlc. ^XU«Oj ^fc^ll LljljjAjalxi (J>iqAi Vnu (jxi j 4 ia£9 ,l^.lj (Jj-^-a (j -0 AjV A_ill!JI 

• ai^JJjaj Liajl Aj.lLuC.VI (jl ^}^.VI L_±lL^JI ( ^1 c. (j£i . Iajjc. J 



^ic- (Jj^a^J j (Jal £9.11 citll jl 4 jj£I £91l 1 (jl A_Jlc AjJLgJC.1 ^C. (Jj^a^J (jl Laj I L^jJalj ^)L^a ^)-aVI 4 (jVI 

A-Jlx!l AjiKj ^Cj gjjljJI ^C. Jjj^ajjJ (jjjlill J jLaJI /nnj t_Jlx!l . Aj^LuC-VI ^ Aqjar jJa <xijjal<i 

.^Lo^JI 6^^ j (Jjj^ajjll Ajjjj.xilx.),il 1st a]~i 



: ^jljill tflt tHjill fcjji 2-9 

4 Aj^ar^ll ^)Ax^aAJ (j-sal^J! BB _ll \ju& CLj^j^aW AjjI^JjVI CliUl^ll (Jjj^ajJ ^aJJ (_^jljj]| C— aVp^^ll (Jjj^ajJ Ale. 

. (Jx>^\l BB lx-o (^jjl!ill L_ulaJl djliLd (Jjj^ajJ ^aJJ AMj 
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jij ^ ^ J — Lj^JI (_£j£]| ^a ^a^JI 



I ^A JajjjjJI g3a j . (_£j!j3I CS"^ A ^ (Jjjb-ajJ (J^3 A3.1J Ig JL j ^ajiLudJ AajujU Jajjjuo JLlAj 



same voltage ratio <J V^aJI LLj A^Liio jj£j j< c . Jj^^aJI ajjuij .1 

Polarity A.Ja3l (jJj IgJ jjfL jl l_l^j Clj^aJI .2 

percentage impedance (Z% ) 4 ] jjJ jl l_i^j cJ^aJI .3 

phase sequence ^jtJI l«J jjJ j! cjV^JI ^ ± ^ .4 

phase displacement 4 ] jjJ jl c _ ^ cJ^JI *5 

jASajjJI LI 6 3 “(j) —Si jl 1 — (j) JjjoJ 6 ClaVj)^ a\\ ^l^jl AiU <LL Jajjjjuo jm'i I Aj^JI JajjjudSjj 

. .Ua 3 — cj) -II L*' jj k J ^ I 3 (^JJI J £jl^)ll 



? voltage ratio II J 5 S 0 jl i—^pu lilt 1-2-9 

4 jjj^ J ^a (Jjj)^SI c > u*\ jjj )oj > m j (Jj^a JLa (jl j 4 (_^jljj]| jjU^>j^Q jj^-xi liJ jl ^4 

2-9 lS^JI ^ L£ ( No- load ) Vj^L J*JI jl£ jl ^ circulating current _JLi cJj*j L JJ>Q ja J,wu. 

. CJjCj-o JJC. *jJ3 Ja (JLj jlJI I^A A. 3JL 4 




(JjjVill ua 1 ! 2 9 cJ^ 



^^a secondary 31 cjj^lal j^j jj-^j ls'^ ^)L3I &L^I jvAi Eg j* j^l ^a S u^i^a U (J£jJI ^^a JaLV 

circulating current Jl 13 a jla ( <Jli Jljj V Jj^JI <..n*n c_£Lkl aJUoj ) J*JI J j^jj ^ LI 4 jJj^JI 

. 3-9 (J^ Jl g-a L£ ^)Ll j-o a K 3u> ^ lujui 
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HI X 1 1/1 1a + lfi 




C5^ ^-S^l^.1 I 3-9 l)^ 



c - 'n jqi3 (A jA ^ .l^J ^j) i^\ lg 4_^Ia ^»jj l xmj 4 I a i _5^ c ' 4 * xt^ I circulating (j> Iuj <-‘*^ 

^j-llj^xtll LS^ UjlA -0 (j> L5^*^ J 6 (B (j-d L_J^-joia]| ^)ljj]| (j-° LS^' 

. (Ju-aaj Iajjj ^ 0V6T Load ^ A ^ IaA. 1 ^V c ; ‘i,Kj 
J£ULo ^ c t iu>m V j 4-^ %0.5 <j-a JSI u^ ck>^^ L_Laul! ^ V I (jli IEEE CjlL^aij^ i ( n^ j 

^_a]I (j-0 (JL)2 ^LA (jjfLjjaJ (j) AjV j 4 % 1 00 AjjaUJ (j-jij^^ll (jjj (JjjUal]| ^aJJ (j) LLoC. (Jj^Jjal-AI (j-G 4_j| JsLi.'V ) 

.( %0.5 c> <j>ll ^ Vt 

? IjruS 1 Jj^ull t^-uJ gu ( 3 jAtl jlS" 3 J OJi^j lilo 2-2-9 

La£ Jc (jjL^_ 5 -o Ul£j ^66/1 2*47 kv (Jj^j]l 4_ un jj 10 MVAIa^xo (J£ UjjJ gl l)^A ^ 

. 4-9 JSill 



IjLu 4_la 
Luj j i 
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Jij ^ ^ x> J ] — (_£j2I <*— jV £^.^)2I 



62700/ 12470 




Open 

-o 



.^21 ^ j±& c2!)ti2 : 4-9 



c (CB isolator J 2 ia ) jl 2 l ^ ^ l^ia j djjI2I 312 Air Break Switch 2j 2 j! LjaJ 
(J q 1 XlC> ^ Ujjia Jjj V OB _llj ^V £^joi ^>AJ VI 3-aVI j 1A Ja33 ^1*^21 12 b (j^J 

. Secondary J J\ 121L magnetizing current ^ j£\ aS^l jL 2 ^ VI ^2i2l 

:^VI (j^ j tli2l dia>2 ^JjIa 6jl>^ ^tii2l 3^ 0*1-21 ^ CliVI-21 <_£-i2 ^ 0^ 



(Ja^3j3 4 j^VI (Jj^2l (jc. 4 4_xua ( ^ 5 1 c. Jaj n^i^j 4 ^b^VI Tap Changer a 2 c« <jl£ (j 2 j*s 2 l -i2 3 

4 %7 c5jl-^ j ^ S-i2j ciul£ Ia^J Z% jl ^cjj 4 69300 <^121 21 (jl^ Iajjj 4 62700 J] JjVI ^ .^>11 

, . AVs 

j! 331,4 = 

u ^ 2 z 



- ^121 4^ ^ jUj jjj* ^2 U^j ^2' 3^ U' V] 

secondary 



jJ j Jj^aII cjjuA c_fl^likl c > nmi x> (jiixua 2 ^I^VI ^ Circulating 21 jlij <jl ^ ajjujLujVIj a.221 2£22l 

^•tii2l 3 ^ ^cj ^ 59*6 ^121 j 6 68*8 Lo^^li (j^.VI Ia&.i2 <jj;Ij 2I <jl£J <jjLaiio Jj^2I cjjuA ci±jl£ 

. 3j^Ij 2jIa 4_ia 2is Ja^s 1A (Jx>Vi ^ ic. ^tia2l (jl£ 12 j 4 ^6*2 A^ (JjjIj 2I ^jjj 3^1 4_ja ^>* 



?cr^4>l J Z% Ojr^J $HSlo 3-2-9 

lili 4 ^jLuAllj lx>^ \)\ 3^21 3^ 2]3j 4 Z% (jj^ j 4 rating (j^ l-^-i Vh^j 3 3^aVI 

j 4 nj ^jLuAllj jL2l 33^' AjjLoiLg Ia^J Z% (jjSj 3 (jU>jj2 JSVI Ujli (j2j^-2l ciiillkl 

.5-9 ^31 42L22I a212I CjV 2 j< 2I S^l-^l c . u^i\U nj j > * 3a 2I (jls 4 V] 
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jij ^ ^ j ] — (_£jJI cS^ £^.^JI 




4_1± 



Jail] ^_ia»j^a]| (JjA-ajJI ! 6 — 9 (J^joi 



5 Phase Sequence 1) ui.hv>l 3) lilo 5-2-9 

Sjj£ia l^j ‘ Polarity Jl <_iLfci.l 5 JU. U£ Lid Phase SequenceJI <_&IU aJU. ^ 

. Phases. J1 jy^jj jjj i> JS ^ short circuit IaJ u^u: Cycle Jl j^u ^ < Cycle J£ 



? jhjo ^Lau Phase Displacement jaSo jl c-*so lilt 6-2-9 

(jl a\ 4 Ja^ ^jLolj (_^jljj]| Jc. (jjU^ij^]| (jj]j^x>\\ phase displacement (jjj (jj]l qJj (jl J^l ajY 

YyO gjdl c> JjYI Jp-JI jlS jl 4 JliJI Jc. . vector group. Jl ^ Jl uAp-JI 
.£jlxJ! (Ja^oJI Ijjoajj 4 (j-o (J 4 ZzO jl 4 DdOjI *YyO U <^ 1^1 (jj^J (jl 



^ /in (JjjljJI Jc« <L-aj-JI CL^j~\a\ I (jj£li (jl l > I'NJ ^A-aJ Ljlu^ phase displacement Jl jySj j jLujJj 

; AjljUJIj oj^JlJI AjljjV I VeCtOT GrOUpS Jl j)^a t '1 c.j 4 ^ a J 



1. Group 1: Zero phase displacement (YyO, DdO, DzO) 

2. Group 2: 180° phase displacement (Yy6, Dd6, Dz6) 

3. Group 3: -30° phase displacement (Ydl, Dyl, Yzl) 

4. Group 4: +30° phase displacement (Ydl 1, Dyl 1, Yzl 1) 



Ix-G (jl (j£^jS 4 j 3 &r~ ^ td . \ Jl *UiJj jj <" -J A j^o I l^jIS jjjljj^ Jl (jj£j (jl j ‘ 

. LaAA^.1 ^3 Joj^sjJI Ja^u 
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a j a ^ a a # I — Aaj^^SI ^^.^aSI 



jiulcit Jmll 



(J jar Anil <Luj]jA bja-jl 



^juoLuoij 4 (_] ?* k jg ill 6£.ls^ C_jLua^ ^9 
? ^1 ^ £ <Q J * * 



^juoLuol AAV I A^. ^Ia (_jj)*\ aII ^9 LOSS —SI c»j l ^ AjujIjA 
A& caV^ aII Loss _SI jli Iajac^j . Jj^aIS (JLoVI 



No-Load Loss ac.^a^a -1 
Load Loss a^a^a -2 



: No-Load Loss Uy** 1-10 

AJjUaSI aAA 4 jAx^iaSI ^ja A9Ua c > ^ tti ^9 ^}aJjaJ (Jj^ aSI (jli jAx^iaSL A lix^ajJ j|^aJjojI £a (Jj*\ aII (jc. (JIa^VI (Jj«a9 Ajc. 

j>aU J\ energized J^aSI Aj^lJ sajU 4 ] aSUJI 6 aa jiSj . (output) a^jj V a:V 4 loss jiAu 4K 

La£ I^jI.ujjI l^J ajajouSI (J£ £_ 2 alLj 4 Magnetic loss jl Gore loss _SL ( ^ajuA I^aI I^Aa caLajaa sac. I^Jj 4 aaaa 2S 



: ^l^jl a 2 >Ij I^a^a ^jaa no— load loss SI acja^aj 

Hysteresis loss 
Eddy current loss 
Dielectric loss 

(jSLSj 4 (Jj*\ aII (Jaa^A Aau ^Aj^saSI (jA Ajj"\ xma AAUa£ ^aJjoAjoi IgAl V] nO load lOSS lg_Ajuj! q \ ^£>j AiUaSI gA&j 

Sjjj-aj no— load loss SI (JaLs (j£aj j .Load Loss _S! ac.j a*n a aaIASI a^-ja^s aII I^aS] < — at >> >> j > n (JjaViSI a*j 

. AAljLikVI ^ ^jiaj Ia£ open circuit test ilaJjj <*^a 
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jij ^ ^ (_£j£]| ^ £^.^>a]| 



Hysteresis Loss <b^ju*uo jrisJI iu^^Ua^l 4sliaJI 1-1-10 

<-** I^jI ^\ no load loss ^l^l Cy* jl 4 Oors loss Jl (j a l^j^. yy*"'' ^JU^I 

jU (JI^-aII al^jl i^y&JUl Sja (J^ Ajl AJaLuUJ lOSS (jA ^-jj]| I3& 6j£b3j . V ^1 (J-*^JI J (jx-all-G (J^-JI 

. 4 ^ : m\\ 1^j]L^ ^ic- ^LLJ] AJajxAA]! SjIaII ^jjp ^_i*j A_a 1£JI aJ Aj 4 hyStOTOSiS II A_^_nj JMj AJUa]| (jA 1 Lj >■ n ^ l*ja> 

4 imUii ^\i s^iJI (jA l*ja. U ^3 lijl ^1 residual flux ^ajaj 4 n inLi ^\I A_pj^Jl s^LJI ^3 yj aj! £_3l^Ilj 

Real ^qjq^ \I aJ 31 £-JI s^UI IajjjL JA44 6 Hysteresis Loss ^a^g Sj^ill i>i& aj-ij-i^JI sjLJI J^Ij 

X m UjjS AijU-o l$J c_kL JU Transformer 

aJ Ail ^1 oLudjl ^ill ^ 7JI IaIaj aaJuj i j l L i \m * Ljaja ^i*i Ia£ ^cjjj ^I^jjVI 4_aLJI ^ Sinusoidal jLj jjja .Hxa 
(jA JjVI Cycle c_Ju^aiJ! ^ l . iijujjj jliJI jjja -ic- ^^jiUI ^ ^ jLh» a\ (ji^Ji li&j 4 Sinusoidal ^ ±1^. ^K'ui 
jA Lii^L AijfLa i^j n» ^ jl jfLoj ^Ij Core _ll ^3 Sij2jA]| a jjauJaljjt ^11 o^LJI aJslIxa ^3 sinusoidal Jl ^ Ia 
.1-10 J^JJI ^ ^.Ij dUjI ^ Jl^JI A^iij c «U^ ^1 domains jA A 

Jab domains Jl <jU sinusoidal. Jl ^ WlA jA ^^illJI *jj*JI C ^aj ^ )> j 3 oUx-a]| JI^aII cL^jI ^ja£juj IaAjc-j 

1 _ 10 (J^joJI ^ L^ JUa« «^ 4 «i?JI oL^jVI ^ ajjIjja 4. A>^i ^1 L-jUaaVI Jc. 4 _l^jj I^aUjI j 4*4 jjl c > i^j Core _ll 
J£ ^ I^jLLsI ojsIaII cijljjj^. <iH£i^.l ^ ^pll AiUall ^ Hysteresis Loss Jl jilxj jjl (j^4 (Jaj . 

. ^ w 1 j)olj 3 LA]| JI^aII j)A 




L-lUaSVI oL^jl J4*4 : 1 — 10 (J^4 

oJa (Jaajj V £_Jalljj 4 input power j)A ^ 4 L A j)>tn)^lj 3 LA]| d^LJI L_sUaal 4 <I>/1 (^^l AiUall (jl A qjq^llj 

4 Lj3 ^juajJaLixAll JUaII (jl£ Ia1£ £_Jalljj .fiJjliA A^Ua \Aj nar \ j jaj load _J (Jaalj V (_^l (_^j\J]| L_uL^J] AJUall 

.^)j£l ojLJI C^L L-jUaiVl c>l^jl (. a^I^uhaII AJUall ciijl£ LJ£ LJlc. ji^jJI (jl£ IaKj 
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: 43131 33 jl 31 (J!>L^. ^ja hysteresis 31 ^ ^l^LouJ) a£U 31 ^ ^ jj 3 j 

W h =k h B“jV 



10 (J^ ^ ^3 ^^Jaj Hysteresis Loop j a^j^x-aSI a il^ 11 2 ^-b a^I > ua\1 (J^L^. ^a aj^jaL AiL^iaj I^jLa^. ^jS-aj j 

JJSi (JIajj .ojjj£ Hysteresis Loss Jl <jl ls mj ^ <jl£ LJ £ l^u£ Loop Jl Ji.b j^^-aII ^ydl <jl£ IaKs < 2 

.Core 11 ^_9 A a A"' . ,■ ^11 4 u .i 'Ll A aH oaLaII A JC-^j a^aa oA^ii-All AfiHall ^ja AaC-^aII a4A 



B 





"Hard" Ferromagnetic 
Material 



oALaII 4 yc.r \ t u .'A. VooH V “A I ; 2~ 10 2^ ‘‘‘' 



eddy current II ^uumj ^Jl> JlpJI t-Jill ,J Loss II 2-1-0 

******* * ** 

La.Vt* ^ 4 ^ xtij^LlaL^I (Jj3j ^)tj3l (J J a * ojJ Sj3 1 x>>jl IgJ *la*l3l (J3a 4 j^nJollx^l 3j3l 

Igjli djliLoll o3> ^-laSj 4 ^13^3 Q^j\H li3a \ ^ ^ 3jj l^jli 4 jjoiL^3I C1jIAI 31 3^L3 ^j>ijqll JajJa^ ^JaSj 

dja 4 3 — 10 cJ^3Jl ^ eddy current LfO^ j3 3^1 43 3 jjj2 c_33! ^-L^j LjojI 

b_33l (jj's kti\ c > t n>m Ljajl t V j^-9 4 4l31 43 L_ijCj-a jjc. jL 3! l*lg£ ^fLalUj .4 j3j3! l3j1j3Ij 

lIjIjjILo i^ja 50% eddy current 31 c > \ u/u . o jjqq31 43U3I (j-a 4i£ ll&j 4 ^kj (_£*ij*i3I 

l33! 
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Jij ^ ^ x> J ] — <*— iV j^a 




L_ila]| A_Lajj^]| Cljjjlnli l 3 10 cJ^jj 



nO load ^jAjJa L ainaJ lOSSSS ^ja i*^-9 1-^j 4 V^j^aLa ]| ^ jiijjoi AijUall gJIA ^j\ iaa.V 

a .. u '* ^ sjLJI loss _1) ^ja li&j . ji*j Uiajl I^jIL Jj ojU^VI £-* 4 loss 

l A-]jI*.a 1] li_Ja ^juojJaljit^all AsIj^j JlJjdllj 



W =k B 2 f 

e e max J 



tg^xun j d^LJ) ^^Jc. CIajIj K e g 



j Lilli (Jaj ^JtilLij 4 A^jlLoll Cljjjj Lol£ ciLuuoll (Jfj 1 aK^ 4 4 ^\1 oJsIaII i^Iaxh <Ajkj oJbulj jjIjj A^Uall o^j 

^jc- aJj3*-g ^j]jjuj (J£juj ( ^lc« 4 -ij^^JI CL^j^aW A_pj.laJI L-i^lall ^)a“\ (jl ^ c > \Uk\W jA I^Aj 4 L_ila]| ^)Ia1I 

• Ijla A * L a l^Jk^aJLJ 



A_ia.lj]| (j-oj 6 A_i 2 jjja L_llk]| ^JaLal AjjDoaII A_^.Luia]| ^iasu ^j 1 ^joi]| Acjxi^^ A_Loi^IA 3 la]| A_ia.U]| (Ja 2 

6^_J (j£aj ^ U^J 4 ^)J* jIjj V] l$-i3 ^)aj A_a*Jjjai (J £ ^JaLall <La.LaiA jaual A-illc. A-ajI^a C1jI3 Aaj^^JI 

.0.35 mm jc. ciL^ ^jjj V sjIcj 4 eddy current ^ JJjjj Aib^ali 



dielectric losses JjxJI J GbjiLiU 3-1-10 

♦♦ 

djlq^A \U l_ 9 j*j djlaj£^]| qa ^jj ^ c > n^m (Jj^ a\I (J^l^ Ig x>i * j ^jc. ClLyL^aj-all <Jj*J w‘n,n iUjUll jjyJt 

Ajqjq^ll lgUjU) (J-ac. (jj^aj (J>i*j Ig '&\ 4 ^slIIj ^ c^utnl clA^^a 4 Stray Capacitors 6^jLudll 

. AiUall Jiaall i^ja l^_ia ^ihjj 
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^ & J — Aaj^Jl (_£^b]| ^B £a.^)JI 



-II ( ^B —BB j^g\ AjB ''^S.- ‘ 4 A-ajU jjB JaBB C3p3Cit3nCG _J (JJj ld©3l CdpSCitOr B^aJI i a J X Jl jjl ^Ix-aj 

4 UJj j-^aj jaj .'ij jaj c ^jjljll i . a.^iill Ijiji) jxj Sin Jl (j^i ^jJjVl SjjB ‘ a , .— »~'U ^b abUJL ^j*». ■ aj _^a 4 power 
.A^JB 90 <_£jlJ AjB jliillj B^JI (jjj AjjI)1I QjSj IJj 4 Active Power Jl (> LJ bbsj Vj 

—II o J £-o (jj£j Ub (Jj 4 JaBB C3p3Cit3nCG (jc. SjLc. ■ Bj£ a £flljll j_^B Bsljj bli JaBB Ijjlaj jJu ^bliJI U j)J 

a > n1 ijjjt— a Ajjlj jUaj AakjB 90 (jc. ^LJb (JblS jLjjIIj B^jJI (jjj AjjI^IIb ^aJ (j^j 4 A-ojILo C3p3CitdnCG 

Uia 4 idesl cspscitor AjjS (jc. ■ &J Jl bc-Lj j^jic. I^jajxi j^jJaxJ aJc IbjUua LluULo tsn § j t dGlts, § 
diGlGctric JjaJI Jjljc. ^ sjjbLJI abILUb lb* J&j . aj^bjhJ] t_jjal cspscitor Jl ji£ UJ Ajjljll s J cBji— a 
Jl aajb .dissipstion fsctor l_i JaJ <Jj*j JbLJI Ibaj 4 tan 8 ^j^Vl i_bJu Iossgs 

: aJbI«JI L-baca. bb jJlj b$JI ^a Dielectric Power Loss 

P d = InfCV 2 tan 8 



where 

Pd = dielectric losses, W 
f = applied frequency, Hz 
C = capacitance , F 
V = operating voltage, rms V 
tan 8 = dissipation factor 



dielectric loss Jl 5j$ia£' 4-1-10 

(jV JLj 6 power loss Jl ^!ji! ^a JL 6 S-^j^JI a£UJI ^ja !>L g n>i (JLgj a£UJI IJfc 

4 S^jqq Jl <alUI d jJ) tan § diJj U£j t t3 ITI § d iJj Sjl^JI <Lskp djaijjl odulj jjIjj t3fl 8 

. (JuL)^- jW-^j I^Saj ^ tan 8 c — s ^i) 

, y $jj**a±A (jl£ no load loss ^ Ijjl \ AiUall ^ n»*t 1)^^ 



Load loss 2-10 

^ djliLJI j )\. JJ ^ ^jVl jg JaJ lOSSeS _ll i^ja 

(Jld ^ jl djliLd ^ ^.Ijjuj cjULall ^LajlLo ^ Copper Loss ajjojL^j]! djLjqqx>ll ^ja LujLujI 

. Loss J %10 JLdj 4 stray loss JL ^ 4JI ^Jldajj 4 load loss ^ %90 
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jij ^ ^ ^ ] — A^j^JJi (_£jJi <*— jV ^a^Ali 



ijc* AJujUi Sjj^aJli 4 (J aH ^ *^ c ' <^-^LJ IgJ ^ ^ja£j load loss. J! ejLaia. a-iaa) ^jla ^JalL 

Ji aJfc (^jiaAa. ( ^£' (jA*Ji (_£jjj jJali <jAa iJj 6 ^paaJi <aj.2 ^] L " ^ti^Ji ^ Sjj^aJi <ap ^ijA l " ^ ^)LJi JiSi)* 

. djULJi AAjlflA *LaJ ^}iaia. Jj^la ^jC- IJlc. ^aJJ (_£ Jij LOSS 



Copper Loss iL^boJI Ota$ii£4l 1-2-10 

JjAaJi Jj IaKj i (J^aII JjAaj Jj.ia. iii V] Sjjja a aj’^ jg Jaj V tgJ 6 load loss Si £4^ji (j-* (Jji 

L-Ua jjj. J l^-ia ^j\jj jjjjjAa ^aJ (j-°J 6 A_1 axa A^ojILq IgJ — — A n nl-s. Jj dal^ASi (ji 4 flj^x^Jla .S^iLaSI AJiUali CljJj 

Aij^*_JI aJ^IxaSI j}A L-buia^j ‘Aj. VqU Jia ^a 

P = i 2 r 



nO jAa.!>Ui jLjj jjja A ajjj cJlij NO Load e-Ui ^glia. AjjmlaJi ClilaUi ^ Jia .lajj AjI JJ jjjaj (jl c - laj 4 AijJlj 

\y\ \ aJc. JaLuaj U^c. Jaia ji^Vi UiUi J ^J 1 jlnll ja no load current J^^lSi jUa 4 load current 
LujLujI 4"\a\°i jjtoj . JaI^]) (J-^aJI jLj j)A % 2 -l j)A . 2 j.la LStc- <jjfJ j 6 i-ajjiA ^}a.Vi ^ ^aS) £a 6 jpg a Si 
Critical ^ <La^)aJi ^ n*nSi AJaaj C* tVi ^ ttnloLlx-xiSi (j>ijqSi Ailj£ qJj jji jL^c-Vi ^ .laVi iJj 4 (jlajJi A a-Jj 

. (jAa^Ui ^)La A_xua Jc- JaU^SS <JSi j ajjIja ^Jc. .ipaJi L_JJi Vi j ^ Saturation point 

. ^ LOSS Ji A_xuS (JLoAj c > n^n (J-aa2>Ui ^Uij (J-^aJi ^.Ui AjjIj ^jJajJi A_xu3 (jj^A Ideal Ji CliV^a-Ji 



Copper Loss Js- 5jIjj»J 1 jrob 2-2-10 

juUTi ^5^^ ©ddy current loss <-oja _ \ ui \ i I 2 R 

load lOSS Ji A_xuS ^lijji ^ c > t n>m o^laij Ajjxo cJ^ (J^ 6 lJL^aa.ij . 6j|^aJi ^Laj.2 ^lijji 

• 0 - 4 % ji^AJ 



Objii^l ^Js- jLifl Akfr^j job" 3-2-10 

i J IaI 4 Ja^a DO AiLa. ^ IaIaj ^Ui iJ^ 4 /v — ^ ^jjjtaSi ^ja c > utiVi <AjtLJi A_Aja ^jl u -0 

^ ^)jJ-Ji ^] ^^jxJi ^jtjjSi jV .IaIaj taA2 (_>Jj Jj^aSI L-UjaJi (jA Q^jUi iJ^ ^) n»ja AC _jt;uli ^jl£ 
(Jj^ajAiS A_il*Ji ^-SaUi <La.LaiA J» C_fl|^SaVi J^Pj * 4 — 10 (J^jJi ^ Ia£ (jC- i.'na ) (Jj-ajASi C_fl|^Sai 

.Skin Effect _j c_ ^>su Ia iJ^j Rdc — Si A-<ua ^jc. Rac ^ u^j 6 a jmV^ Si A-aJuJi ^ja (Jai 
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GOHz. 1000Hz. 400KHZ. 

6” (1 50mm) 0.2" (5mm) 0.030" (0.75mm) 



Skin Effect Jl oja I k ^ aaj^I jifc : 4-10 



A^Lai/l dul£ LaK j* kj jijtj]l lAA £jk]ljj l AAjia jLiill ,jl£ 1 jl Ajjj 4_lmlsj]l ■ Ijaa.IU IaA ^glc-j 

. ^)jjtj]l lAA JI#a] a jfl ■ .Jl - ‘ ^ ^3 lol ( 



SajUJI Ob5ii4l 4-2-10 

bU^I (JIaj l^cj)x>^sx> (j£J 4 aJjLuJI (j-a ]^)jj|j (J£l Cl±jl5 jjlj (_£^l cJL^i aJjLuJI CljLj'qqxJI £j^j| AiLiaVL 

: l^_Lo gUj • 4JU <j-a !J-Ja cJil U uj 9 4 Jj^JI ^ Loss Jl <L<ua (j-o %5 



Leakage Flux d?~ai GtajiiijJ 5-2-10 

4 4 JL& (J^ t^^VI c_aUlj LH -2aijjj V Lo c_aLo jLiJI -JJ.J -0 c^'-JI (jl ^1*-JI (j^a 

£.|)^VI ^JaSJ LjJJjolIxJI (jjajJI IJ&j .LjJJjolIxJI (jjajJI jl 4 lOOkSQO fllJX _J AJC- ^}ASU (j>ijq\l (j-G ^jiLJI sj^JI IJ&j 

jLjJ aJ* 1^ j^sJI a-ua*-JI ^jj^.'VI £>i& ^ cAjjujjjj eddy current gJjLj l^-ia 1 Jma J j^xJl aa^jI^JI aj^j^JI 

. djaa£JI GjVj^xJI ^ JaSS ajjjlj ^JaJj AiUall jJa (j^ IJ&j 4 !J_A-al 

cij!J_A^aj^JI (J^L eddy current j&j 4 (31 aj£J l-^jolLJI (j>ijq II c > t n » \ s^jiLJI AiUall cJL&j 

^Ullj aj^JL c > utiVi ojjlLJI AaLLJI (j-c ^aJI o jiA . 4 . <n» Ljajl IajjjIjj 4 leakage flux Jl a >/ rt ajjojL^JI 

. djV^l*-JI (j-o 
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firfjftflll gi ulijAteJI JJiri Jjjlf 3-10 



OdUl £$j Jft& 1-3-10 



(_)al_j*JI ^3 -^-*“41 (j^aj AjU I^C. LojSj t i_lM o^Lo ^jjj (j^ajall <ilj£ j JJjall ^_k- LluLluI OOTG lOSS Jl Xal»j 
SjUII £y* l&ll (jjlii lillc-j . l^jlik^a Jj£j ■ “ iia. j ^AjA^JI ■ . 'Vati oaLs £-^j jLirkl ^IJlg ^j£*oj < : 'j*>. 

^gi ui,»ij Vj Hysteresis ^ V Steel Jl L 'J (JJ* L—llc-lj . ^ ^.’ixhu^ll > ^ ^ (_£ I j 

.1-10 Jj^aJI ^ L£ ciJU aj . Jlc. eddy current 



djLJ) 4_ic^ 



^Sall : 1-10 Jj^. 



Year 

(Approx.) 


Core Matter) al 


Thickness 

(Mm) 


Loss 

(W/Kg At 50hz) 


1910 


Warm rolled FeSi 


0.35 


2 


(157) 


1950 


Cold rolled CRGO 


0.35 


1 


(157) 


1960 


Cold rolled CRGO 


0.3 


0.9 


(1.57) 


1965 


Cold rolled CRGO 


0.27 


0.84 


(1.57) 


1975 


Amorphous metal 


0.03 


0.2 


(137) 


1980 


Cold rolled CRGO 


0.23 


0.75 


(157) 


1985 


Cold rolled CRGO 


0.1 G 


0.67 


(157) 









♦:.♦•* tt .t tt 






. oj j'/u 'l ±\jA\ amorphous metal JjVI 
. CRGO material ^ : 4S^\ 



4 permeability a j^nliUxAll a-^U^joJI i : * ^ gjl!i]| %25 4 un u (J£j (JjVl lIjI jjiLallj 

. Jajjjjudll (Jl* IjL^. <9 j 2J ^jljjuj ^gi Ig atju/i'i 



SjJiUl JiLoJl ji-jjJI dsLiS^ jo\3 2-3-10 

i > unVi 6 voltage per turn <al (J£i ^\1 (Jjliaj (j^}la B max * >u ^ AiUall ^_gi (Jjlsij l£*^] 

I 4_L}Ix_a]| (j-0 

£//V = 4A4B m Af x 10 -6 
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^ ^ j (_£jja]| £^.^<JI 



turns ratio cijIjj ^jLojjal (j^jliJI j ^ s^L^ll uj^ (jl aj V ^-iLalLj ciiUllI s^Lj ^jtu>n cJli 

D^ljj] (_£JjJjuj IJ&j t AlLajlLa Sjhj ( ^tJl_lj ; (^Jx-a^All (JjJa (j-Q -IjJajoj t ““ >tA^l S^Lj (j]J ^)^V! L_ul^JI ^Ic* O^ 
J-^Loba S^Lj (jlj \a\c- t ^)j£l ^ AKj ^ ‘l» j IJ&j (^JjL-aj-oi] ^JaiLoH J_^.LubQ Ljajl U^)j£ Uj V] ^ 6 COppBr lOSS J&J ^)^T 

o4 ^ytl\ (jli 6 upjy 1 /S\°i i ^sj (j-<ij 6 eddy current loss Jl ^j-o sjIjJ] (_£Jj3joj ^Jak^JI 

.^IjjVi oJa l£ o^ compromise Jl q* ^1 6 ASUall ^ juII W>^ 



PF £rua^Jb load loss J ^ 3 3 - 3-10 

(jla jLnll <*ja (JJaj <jc. Power Factor _JI (jjjui^j (jl Iajj t jtiJI £-j^a load loss (jl <~ ? *^ j 

.load loss J) (JJ^j ^ <UUi ^pf (jjjai^j (jLo ^ jliJI 1 $j JjL^L l^I 

. KW/ pf LjJjojUjj cj^jubJI jtiJI (jl (jl (j£-oj UjIa i cIijIj load Jl (j>* l - jj^k mxJI KW (jl llJa^a IJli 
- ^glx oil pf *Lgj 3 L-Lma. cJIJj 1 ^_u-a2 pf Jl (jjui^J I Jl load lOSS oJ^iL(JI A^Ua]| ^3 ^j2jj]| ^jl.JLa ^Joxj J-JtJI aJjIx^JIj 



Saving In Load Losses 

= ( Per unit loading as per kW ) 2 x Load losses at full load 




cable loss ^jsjjII <. — s\ >. ^ j > n ^ilalUj c %56*25 c^l-^ ^sjJll <jli 1 (j^vij 0-8 ^1*^11 pf 

. 4 joiij (Jj^t^ll ^ 6^2 l^<JI lOSS Jl c q» >>i Q^£j ^jl (,5^13 



(_£^J]| CLIIj^a Clsl^jiL<J] ^jj-aall ^j^aJI i* J ( ^JasUj djV^-xJ] Ajjb-axJI j£LJI A^Jjuo (j-d ^^Jl (Jj'^?Jlj 
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GUARANTEE FIGURE 

nhrmai lows VOLTAGE SYSTEM (12 KV) 














POWER 

K.V.A 


LOAD 
LOSSES 
AT 75 
(W) 


NO 

LOAD 

LOSSES 

(W) 


% 

IMPEDANCE 


A 

1 mm) 


1) 

i mm) 


F 

(mm) 


Oil 

ikjO 


Total 

Weight 

(Er) 


K 

(mini 


p 

(mm) 


R 

imm) 


no 




25 


6K0 


120 


4 


730 


645 


1 250 ; 


90 


320 


520 


50 


125 


1 


50 


13410 


190 


4 


750 


645 


1295 


95 


400 


520 


50 


125 


1 




fyj 


1430 


215 


4 


875 


645 


1330 


120 


475 


520 


50 


125 


1 




iik) 


2190 


34 KJ 


4 


875 


715 


1330 


130 


580 


520 


50 


125 


1 




itti 


2930 


420 


4 


1210 


710 


1575, _ 


250 


890 


520 


50 


125 


1 




20f 1 


3730 


510 


4 


1620 


940 


1575 


260 


1030 


520 


50 


125 


2 


300 


5440 


610 


4 


1780 


990 


1690 


365 


1345 


670 


50 


125 


2 




500 


7900 


890 


4 


171X1 


|h2*:i 


1770 


440 


17X5 


670 


50 


125 


2 




630 


X750 


1 mo 


4 


1740 


950 


1X00 


470 


1990 


670 


50 


125 


3 




BOO 


10720 


1250 


4.5 


1925 


1170 


1870 


590 


2X00 


670 


so 


125 


3 




1000 


14230 


1400 


5 


1995 


1 140 


1915 


600 


2.8.30 


820 


50 


125 


3 




1 500 


202M 


1900 


6.5 


2200 


1300 


2130 


- 9\L.. 


3800 


820 


50 


125 


3 


1600 


20250 


2170 


6.5 


2190 


1300 


2275 


1140 


4600 


820 


50 


125 


3 


?l K li 


23400 


2350 


62> 


2365 


1280 


2350 


1190 


5000 


820 


50 


125 


3 


2500 


30500 


2X50 


7 


2585 


1875 


2385 


1510 


651X1 


H X I" 


70 


200 


4 




3000 


3501X1 


3300 


1 

3 


2570 


1875 


2485 


1550 


7310 


1000 I 70 


200 


4 


RnuitKii 


LOSSES 




VOLTAGE SYSTEM (12 KV) 












POWER 

K.V.A 


LOAI1 
LOSSES 
AT 75 
<W) 


\o 

LOAD 

LOSSES 

(W) 


% 

IMPEDANCE 


A 

imm) 


1> 

(mm) 


F 

(ram) 


Oil 

(Er) 


Total 

Weight 

(kg) 


K 

(mm) 


P 

(mini 


R 

(mm) 


FIG 


63 


1150 


195 


4 


995 


645 


1370 


160 


610 


520 


50 


125 


1 


100 


1150 


300 


4 


1050 


645 


1450 


230 


910 


520 


50 


1 25 


1 


160 


1X40 


360 


4 


1210 


645 


1470 


265 


1060 


520 


50 


125 


1 


200 


2090 


440 


4 


1580 


650 


1600 


305 


1210 


520 


50 


125 


2 


300 


3260 


520 


4 


1650 


740 


1750 


390 


1095 


670 


50 


123 


2 


500 


4B50 


720 


4 


1720 


820 


1790 


495 


2215 


670 


50 


125 


2 




KIX) 


6300 


101X1 


4.5 


2050 


1040 


IXX0 


600 


3000 


670 


50 


125 


3 




1000 


9400 


l 100 


5 


2130 


1050 


I960 


705 


3X60 


820 


50 


125 


3 


1500 


13500 


1800 


6.5 


2290 


1170 


1120 


910 


4720 


X20 


50 


125 


3 




2000 


20420 


2350 


6 5 


2365 


1270 


2415 


1130 


4800 


820 


50 


125 


3 




250" 


26870 


2X50 


7 


2X00 


2000 


2550 


2175 


7750 


1000 


70 


200 


4 




normal 


MISSES 




VOLTAGE SYSTEM (24 KV) 












POWER 

K.VA 


LOAD 
LOSSES 
AT 75 
(W) 


NO 

LOAD 

LOSSES 

<W) 


% 

IMPEDANCE 


A 

(ram) 


D 

(mm) 


E 

(mm ) 


Oil 

(kg) 


Total 

Weight 

1kg) 


K 

(mm) 


P 

(mm) 


R 

ininil 


FIG 




25 


570 


120 


4 


730 


645 


1250 


90 


320 


520 


50 


125 


1 




50 


1 1*0 


210 


4 


875 


650 


1330 


160 


495 


520 


50 


125 


1 




63 


1450 


250 


4 


875 


680 


1330 


190 


600 


520 


50 


125 


1 




100 


2230 


300 


4 


995 


680 


1475 


235 


750 


520 


50 


125 


1 




160 


3220 


420 


4 


1210 


710 


1575 


250 


910 


520 


50 


125 


1 




200 


3700 


510 


4 


1600 


935 


1575 


255 


1010 


520 


50 


125 


2 




300 


5220 


610 


4 


1780 


990 


1690 


365 


1345 


670 


50 


125 


2 




51X) 


7050 


890 


4 


2030 


1 150 


1940 


610 


2090 


670 


50 


125 


2 




630 


8550 


1 HXI 


4 


1740 


950 


1800 


470 


1990 


670 


50 


125 


3 




800 


10600 


1250 


4.5 


1925 


1065 


2030 


700 


2850 


670 


50 


125 


3 




Ml) •!) 


12700 


141X1 


5 


2035 


1200 


21 >40 


810 


.3360 


820 


50 


125 


3 




1 - in 


19X00 


1900 


625 


226U 


1300 


2130 


915 


38(K) 


820 


50 


125 


3 




1600 


20580 


2170 


6.5 


2195 


1280 


2275 


1 140 


4600 


820 


50 


125 


3 




201X1 


25200 


2350 


6.5 


2365 


1270 


23N > 


1190 


5060 


X20 


50 


125 


3 




■* Si X i 


29500 


2X541 


7 


2585 


1875 


2385 


1505 


6550 


irxx) 


70 


200 


4 




3000 


35300 


3300 


7 


2570 


1875 


24X5 


1550 


7310 


1000 


70 


200 


4 
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J J (_£ jill CjV J^-A ^ £^>a3) 



Large Distribution Transformers 



Typical datas for 20/10 kV transformer with off-load or on-load tap-changer 


Rated power 


Tap^changer 


No-Load Loss 


Load Loss 


Impedance 


Total Weight 


Oil 


kVA 




W 


W 


% 


kg 


kg 


3150 


±2x2.5% 


3500 


25000 


6.35 


6250 


1210 




±9x1 .67% 


3300 


25500 


6.35 


10000 


2780 


4000 


±2x2.5% 


4200 


29000 


6.35 


7500 


1440 




±9x1 .67% 


4500 


31000 


6.35 


12100 


3220 


5000 


±2x2.5% 


4900 


35000 


7.15 


9300 


1670 




±9x1 .67% 


5000 


39000 


7.15 


13400 


3620 


6300 


±2x2.5% 


6000 


45000 


7.15 


13200 


2750 




±9x1 .67% 


6200 


45000 


7.15 


15400 


3960 


6000 


±2x2.5% 


7000 


56000 


8.35 


15300 


3140 




±9x1 .67% 


7200 


56000 


3.35 


18100 


4760 


10000 


±2x2.5% 


8100 


65000 


3.35 


1 7200 


3480 




±9x1 .67% 


8200 


68000 


3,35 


20600 


5090 
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uc j\alall JjaiJl 



J^zloJI Jmiii jiIe iajiyg J*l»c 



Jp-aJI «.bl ( _ s i C. jjJiliall IajjjIj > - Uj. ni Jj, a*j ^ i dl'ic^-bl Jjt jI'ii <£>lc. l^J dllc.jjJa_jxi ijX lilljA 

:4 ia j 



.Efficiency s*U£il ljL^ -1 
Voltage Regulation J -2 

( (JLa^M (Jj*" Jc. ojJj- 21 j^aLlatJl — 3 

Harmonics J1 jJih -4 
Inrush currents ^-UiiVI djtjUj jfifc -5 

3j*. */Ml (jc. ■- ' ■ ■ •a]' — 6 

Rated value <>. pppll i_£biJ -7 
. Rated value <>. 5ili^ jjib -8 



. 3 ‘ I^A ^ ■ a\j a]' olAj 
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Jjftflll IM : J$Vl 1-11 

<-** a]| 6 input/output _JI Ajjaij L-jLai^ L-jLai^ Ajjjjia (jjoiij <- > ^ (Jj-v *\\ 

. (jjJ UjLoj Lj£i La£ AiUa]) Jiiil) d ip (99.5% ^ ^ ).p aJIc. oj^ Lg j^c. a_ij^£]| 



(Jj)*\ a\\ Cj|jIjl 1^I ^j-Q Lojj i wattmeter Djjudlp ojjiaII s^pl (j-o L&j i ^jiisj^laj Ss.li£JI l-iLoi^. cft A ij 
di>l£ jl \j 6 Apd jjIu JpJI s*U£ jli U^cj .aSj J&t 4_iO .Open /Short circuit tests _> Aijj*^) 

. 6^Uj £-0 5LJ2 (JflJ 



. a1S\ju*1\ ^ Efficiency s*U£]| s^tc. 



Output kVA(out) kVA(in) — loss 
^ Input kVA(in ) kVA(iri) 



loss = 



r /e 



+ 



COS (p 0 COS (p s 



: dip. 

. j .l^pll -He- ( Iron Losses ^ Aj.la.laJI Cljbj'qqxilj A_xu2 I Pfe 

. Jx^J ajo ( Cupper Losses ) A_pbJd! djbjiLJ) :P cu 

. ^jc. i Cos 0Q 

Xic. (J-ojt-o ; Cos 0 S 



JppuJI g-o Scti^JI jrp> 1-1-11 

A-iaij c > u>^ £$. U£JI ^jiu L-jLai^. b ^ ^ Aulllll A_LIx_a]| 



outputxlOO 

output+losses 



p x kva rating xPF xlOOO 
p x kva ratingxPFxlOOO + NL + LLxp 2 xT 



x 100 
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PF power factor 

P — (Jj aa^l A ini i 

NL = No Load Loss 



LL= Load Loss 
T = Temperature 
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Voltage Regulation iftail p\k6i \ : ^Ul I 2-11 

L_uUJI ^ ^ (jl (Jjkj (jl (j^xn jjjJaiS c x>ll JUO A_LujUjVI ^.. w (j-a (JUj 

UUs — ]| L— 1 a — Aj| (Jjkj ^sl^ll (j£J 6 V ^al ]l J ^UaiU (Jj^ a] 1 j)K £ Ijjoj V A_j| CllV^aUI 

. (jj^jUl l_uUJI UK J xill jlj UK 



voltage regulation, VR J J\ ^ c j J £j J ^illj - ^ ^jUq-v ~fsf 1 IU (jC- ^AXJj 

Jl (jU IK ^.ilalljj . %5:3 a^qjs aJ (jj£Ud I aL&c. (j£J jU = VR a^gjs (jj£j (jl <. - ia. j L^Kj A_j| ^ *i» j IJ&j t 

SjJiJI D^^akj <U.laJI *UlK (jjatajj ^aJ (j-aj 6 (Jj-a^UU JjIjj V (J^a-JI ^ ^ (j! oUq (jV t (J *^i^l (jK UK jj ^ VR 

. Ji£_aJ! CIjIjj j 



A_aj3 ^UjjI A_aKj (J^aUI <UjlU VOltage drop Uij.la. j& (J^aUI (Jj-<iK £-a (_£^IJ]| A^jS (j^alKil ^ l_UajJIj 

aJIj] ^xj ^^Jc. ]^laj ^ill jIj&aj VR 31 (jc. 6 VD = I . (R + jX) Uu^. 1 ^_j jLJI jliJI 

rated (jJLJI (_£^J!JI a_j juK <. . lol^j (_£^JiJI ji^a. ^ jjiiJI IUj t ciUj ^jl-iLVI (ji jUjc.Ij aj^LI J^KI 

<KUKj Ai^ ja*^j secondary voltage 






V 



s,fl 



Parameters Jl dJJJu Regulation Jl yL ^ 1-2-11 

^jl (3^ AjsKUI c^U-l \y* *^j*j Uli (Jj^ a\\ X & R ^j3 aJVaj VR a_xu3 c > Vi aJ^U-o ^Jj (JjA^a^il 

• 1 11 (J£jul]| LK AUl^jH aJojoiAaII A_x-aUj UllaalUl 



l 



Z m = R <U+jX 



m 



rvT^ w — 

t / 1 = J 2 f 



Vi 

\ 



AjsKUI ojjIU] aJojoiAaII 1 11 (J£juj 
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jij ^ ^ ^ <*— jV £^.^21 



Jx^il! *12! Copper Loss ^ jj*j 4 Sec + Pri _J c^LjH* JL*j J12) ^ R eq a^jULII J\ j£2 

I (jl Ljajl . CJjjolIa]! i^jCt ^JAXJ Xeq A£jl*_2ILcj & 



Req-S 

Xeq-S 



Rp 

= — + Rs 

a z 

X p 

= -^ + X s 
a z 



VR yL*s*J IJu^ Phasor Diagram fl 2-2-11 



^9 a ah-v *\\ Xj# n \i (JIaj phasor diagram ^jojL ^_flj^)x2l lalaiL2l ^ja^j Cft A ) *LLLai]| a21^2I s^jI 2I u^-j 
^ u sf u A Secondary J a^L J] J£> li! Primary Voltage J ^il£ 2 ) 4 Jp~ 2 ! 



y 

J) ^ ^ <Laj9 (JLgj a xnq'l c ^ turns ratio LgjjuoLg Vp j& Jj t Vp ^ul aj! Ja 2 V jVp = — ail<u3 

.X eq 6 R eq ^aJI ^ Jaj^Ji ac.j*a^ aJ] lilja* 6 Secondary Voltage, V s 



Resistive load ^11 <> Secondary sideJ ^ Jx^ aJU ^ Phasor diagram J JL*j 2-11 

.V s ^ in-phase l s jli lilj 4 Jaia 




CljLijtLo £-j 2I (j- 6 jLnljj Clalg Vm 



2-11 lS^ 



jli lilj 



i a_i 3 Capacitive load 21 <j! ^j^ajjij (j2 4 ciaW^xaj djLojtLo uj^ 3—11 (J£j2I 12 
V 

V s a_xu3 (j-a (Jal ^jj£j — — 21 a_xus (jl aJL 2 I ^_gi Ja 2 V . a n» x> ajjI^j secondary V s . 21 

a ^ 
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(jl£ lil ) AJUJI ejLui^l - aSji ■ »"* j . lagging PF li)J (jl£ lij AiUJI aj 2 lj^]I ajLiVI ^.laiauj 

.Leading P.F liui 



: (j! JjacVI liiiJ Ijlj 



%R = and %X = IsXeq 



V. 



V, 



eq 



ojj^l ijc. Percentage impedance parameters Jl 3JV:u <LLJI aLUxJI aJ^s, sjIc. 1 LjU 



%W? = %R cos 0 ± %X sin <9 



Voltage Regulation Jl ^3 Voltage Drop Jl 4sMsJ) 4-2-11 

^Jl ) magnetization current jLJI jj^j <ii^j ^ ^ J \j^A\ J 4 Ideal Transformer 

.(Voltage Drop Jl j ^11 ^jjjL jl LjL ( jjiLJI ^)LJI j-a 0«5% j-a ^j£I (JLgj V 



Drop Jl (jl J<^9 10% j^Laij (Jj*\ Jl Regulation jl£ IJ <j| jlaj (j^axJli (Jj^ Jl (Jj^Vt U 
_JI ^ >■ 1 x >> jl (j^'Sj <j£j 4 jj^JJI (Jj^Vtll s-Lji jLJI 4 JJC- IJfc £-JJLj 4 10% (j£j LuJjui 

jjj-a 4 >jVt jjjJJI ^ .Lj^JI jl 6 cJj^v^l 4>/n Primary Jl j^j ^ ^i.wj ^Jl .Lj^Jli <J1 Jj 4 Primary 
La jAj (Jj^Vtll Asuj <j;jjUI ^ iL.wj ^Jl Jaj^JI j c. LoLij l 4 V. Drop _1L ajc. La <Ja^JI jLj 

. V Regulation JL j *. j 
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j j a ^ a j £^.ja]| 



Jjftflll JmAA gif ftjfjflll J* litfll : tally I £j4jj| 3-11 

: l^_Lo 4 (J *\\ (JaaVj JJjJ (Ja1jC> b^C- C^IIaA 



OjI^pJI 4&j£ 1-3-11 

J a^j 65 (jc- l«a temperature rise Jl aj VI t . ^ ^jill cjVja^ jl ANSI code cJA^JJI j* 

VI ‘,'r; - full load JJJI Ja^JI iuc. a^jh 30 l$i ^jJJIj - ambient temperature Jl jji ^UjVI jl 

• A^p 65 (jft -ij)j 

Vl ‘,-r; A t>j ( J a+uJU (jaUJI ^ tank transformer Jl J&l J cjjjll SjJ. a^jj ji i*j Jlc.j 
Jl A lakj »jl_)^ A2k_p Jc.1 jja LajpiCj .Ai^p (30) ts^ <_S^ Aup-JJI Djl_)aJI A=^p jc. A_^p 65 jxi JA^J £ijj 
ambient Jl Jlj jJI :Up 30 Jl JJ :Up 80 <> J&L vl jl£ d ) Winding 

.temperature 

jV PjV^J] j-lx j. > ^Jl JuAl _l^ a L<iA Cluj)] I ^3 UUI A Wq Jl AjLlaVL 4 hot Spot JL ^jllj A Wq Jl oCAj 

. jJiaaJI jjjlA ^“lijVI (_5«1a j Jfr l-al y -j Au-aalJj _)j ^ Jl ^aC. 



juVyi b J3 b 2 - 3-11 

(jlSJ aHjIj (JIa^VI d±jl£ ajI 4 1 03 d cycle -JL ajsu Ia (Jj^ a\1 (JjaVj ^ \ »>ijl s^jjaII jj^ali*JI <jA 

vJLojaj 4 j)Aj 4^)VV ^ajJ j)Aj ^ (JJjV'V A^Ija (Ja jj»Ti (JIa^VI (j^i ^ A \q m aJLoia (Jj*s a\1 (Jja Vi Aajoij jLjaV.1 

SjJJjJalL C1 jV.1x-a]| fij&j 4 V2kp (j^ ^lijjVl lgjlc> L-flSjJJ A_j^ <Lal& aJLoia JaaVjII Ajbuaj 

. A^aaI! djIj^JI A-t^)*^ jjIjj (JjljjJI 

Dj|^ ^-T^)*^ ^VHj (J>^a]I l$A3 (JaJU dj|pi]| yAJ Cy^ lilUA (jl ^jiajjaAlli 4 AaIc- £. Ijjj 

.V2kjJl j)C. DjI^Jl I^AS (J^aiV AJ ^1 ClijjAall (jAJj 6 (30+80) A-2^J^ 110 (JC. CaUIaI! 
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jij ^ ^ ^ <*— jV j^a 



& 

Thermal time constant yj 13 3-3-11 



jj^Lj JJ tilli ^2kjjj 6 sjlaS over load (JIa^J Ja^j l^J Ia^ao ciiV^aSI 

Jj ja l^ja xja c jjj£ Thermal time constant l«J jljJl ai* J£j 4 ^.ipaJl ^jj 4 <A^jall 

. j Cjj)ll L- Ini'S Cljlc.LaJ 6 jl 



30 L_J S^lxJI ^ (_£^)j (J^^aII jaC ^^ic. t x >>jl jJjJ ^ ^ (JjxjujjII CIjV^xa ^^a Ja^a j£jJ V (JaIjjlSI 

jjjj tiUi JS 6 (JUac-Vi cijV-^xa ^Ujj) j) t Sj j£j j) 4 aJj^L over load Cjjjja lLj jI^aIa) <. aIa 

. A ij (Jj^ Jl jaZ ^glc> 6 Ajaj 



ft 

OV^-o JU^-I 6 j3^ 4-3-11 

jj-aUc. c > ut^ cillij over load Ja^JI lg_j ^ajaaII ajjou! JjI^. uj^ 1* j 

dij^ia 4_LoJI (Jjj«aa ^jj (JaIjjlI! (> _ 5 ^ ^Ujj ft.[yb — load cycle (J£ja — Aa^p • ajjaLaI 

.^\jja]| — £_ 1J^)]| — C_flJj^a]| 

(JA L_Uja ^ I 4 ^ijjA (jl^A !>Iaa ^JjJajAj 4_12kjLk (J&j (Jj^ a\I L_u£jj A^J^la ^ CIjV^-a II C!jI£jja ^Jali tilli -AxJj 

gJ Ia£ rated load jjja ^jajaaII l_lou1I q^Sj Uja's jj^ati*J! i>i& l_la^j 4 ^Ha ^ja jl Ai^c. (Jkta ^1 4 ^JajuJI 
^1 JaI^xJI 87 : 249 KVA ^ CJ I^ J ^ 100 KVA J^a JaJ J J^IIa 1-11 Jj^l 

. l^JJ IjJja) 
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J J CjV J^-A 



1-11 Jj^ 



Peak- Day Load Factor 



Transformer 



Location 


Temperature 

District 


kVA 


Overhead or 


Summer 


100 


pad-mounted 


interior 






Summer coastal 


100 




Winter 


100 


Surface 


Summer 


100 


operable 


interior 






Summer coastal 


100 




Winter 


100 


Vault 


Summer 


100 




interior 

Summer coastal 


100 




Winter 


100 



10% 

205 


20% 

196 


30% 

187 


40% 

177 


50% 

163 


216 


206 


196 


136 


176 


249 


236 


224 


211 


193 


147 


140 


133 


127 


120 


154 


147 


140 


133 


126 


173 


169 


160 


151 


142 


173 


164 


156 


147 


139 


182 


173 


164 


155 


146 


185 


176 


166 


157 


147 



60% 

159 


70% 

149 


80% 

140 


90% 

131 


100% 

122 


166 


156 


146 


136 


126 


186 


173 


160 


143 


135 


113 


107 


100 


93 


37 


119 


111 


104 


97 


90 


133 


124 


115 


105 


96 


130 


122 


113 


105 


96 


137 


127 


113 


109 


100 


133 


123 


119 


110 


100 
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TliiLil Uj < Harmonics ^1 gAk : gljll 4-11 

Harmonics JU 50Hz ( _ s L^,Vl ^jJI jl£ bU 4 .^jJI cjU&L^, <> cjbjji l^U Harmonics Jl Uj*j 

JUJI ^ U£ bUj 4 3 rd Harmonic j 2 nd Harmonic JU t 200 4 150 4 100 ijj Lb cjb^ IgJ (j^U, 

.5-11 




AjxuUuV i djUblJJI 3 11 J^ 



Jl CjIjUJI sJaj 4 non-Sinusoidal cjjlb l$_U 4 Non linear Jjb-i jjt JU-,.! tiib^jJI 0 Ja luuj 

4iUu cjb^ji <J& SUa^ 4J UaVl .lijJI (> (jj£s Igjla Fourier series ^c-ljal ILL iJjL" ^ bj non-Sinusoidal 

.Harmonics JU 4 ,wU ^b 4 

Jl sj^a.! Ju Power Electronic devices _j 31^u ^Lull j.:Ua* Harmonics i_jLJ ^a! <>j 
(jjSj s^a.VI oJa aUsUII jg?- " <j^ 4 Lui ^j£I " ^^Jc. J_jj-<aaJI [_yajju ^Rectifiers + Inverters) 
j^Jij Ua ,>j ^U&l Sinusoidal wave Jl ^laia JU 0J JJ pluses Jl 0 Jaj 4 Pluses JU ^Ic. U11& 

. Harmonics Jl 



5 Non-linear load (^iao to 1-4-11 

£±u V 4 j! JJaUuj JUa .^1 6 Jaj 4 Non-linear load U Harmonics Jl jjl^> ^a.! <jU Uj£J U£ 

V . . . 

oJa (j_jSj V non — linear Jl JJU. (j£] 4 R — — SuU l^jl ^^Ij jbJIj .i$UI Uw a£ 5UJI ^j! (j_jjli 
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^ & -\l — A-ij^JJl ^^jj]| £^^jjJI 



jjjJI (JLaa.VI £-l_jjl __)£jJ L>*J • ^jjIj (Jb^VI oJ& J-ojlLo (jl (_jl 4 jliJIj C2_jJI JJ*J £-« J.'.'’"'"' (J 4jjIj 4 imill 

.<&U.j f.jjjjH^ilIj Jjjjll cjUJ Ju discharging lamps ^ioll CjLJ 1-0 systems Jl ^ <ikk 



3-0 : 4-wire system Jl ^Iks JjSjJI aJ=s. jjill JuJil £* 1-0 jjIjj Liis ^1 Harmonics Jlj 
Zero jnx j Harmonics Jl ®Ja • IJ£aj 21 t 15 * 9 * 3 J\ 4 3 rd Harmonic Jl <> (jj£s 

V ^j (j-oj ( dJjI J 1$ *j*y Jj t 3-phases Jl cJjLii jjjj ajj|) V J sequence 

JULj 4 2 nd , 4 th , 6 th etc Ju Harmonics Jl □ J aJ.^Vi 3-phases Jl ^ JUJI ja L£ ^jLu 

i— La^j IJj J A aU»\VI o^J Neutral Jl Jaa. 1.1a. ^JJ- jLu <_Ja Jj liAj 4 Lyja. (Jj ' ■ JM 1 l g ■ *-»« 1 ^iL V 

. ^ dlVlaJI ^9 (_£.ilxJ! Phase Jl JaLal \jjLua>a N. _SI Jak-a j}Jj (jl 



:J3©4,1 Jus- 2J Harmonics JLf £ftk£4J 0U3SLU jrub 2-4-11 

Jl cjbjjJI (> <c.y^ Jl JU, («L ^ /jj djUI j JJjJ (jl^j Fourier analysis <uU Uj£j L£ 

Fourier J UJa Harmonics Jl 0 Jaj 4 Harmonic + fundamentals Jl Jus 4 6-11 JSJJI J L£ Sinusoidal 

1£Ac*ja*\a cJjjU JJ l**Utn3 

.... i 9 i 7 ^ 5 ^ 3 c^bjll Jl^jj Odd Harmonics JjVI • 

< 6 < 4 < 2 ^bjll even Harmonics C5 -* J o J j jl!Jlj • 

. LSI <2.2jJI (J DO dJUJIj • 




djUkaljj]! jjui a ^ Jl 1 (3 - 1 1 (J^-*jj 
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5 K - factor Jb a^^iiLU lo 5-4-11 

Jl <Jjujj -^13 J Inverters Jlj Rectifiers Jl J&. :uj*j ^Jl %iJI ej^Vl i>=*j -i^J ^ ^^Jl <jc. Lj 
a i ■ Jl o jjjs ' 1 1 ^ j Jl ~ ^ ^ (jl ^ Jl j)<o ^jLta^a (j^j t Lo^ac- ^ a II djljLjl ^9 pAni j Harmonics 

a a ■ "* ' ^Jl ciiV^JI o aa ^ ^ > .i"ij (JjIxj]I ]aSi Uio.'ij t ** a\i i " ^ ^ ~ fy ^j-o ^j Ai > n ^_JI Harmonics aJUI 

K-factor transformers Harmonics Jl ^ 

eddy current loss jjy Harmonics Jl <jc. ^JJI aJUJI ^ ^LJ^I ^ u“ <A“J' ^ K-Factor Jl 
Non Jl Jl^Vl A+mj Ajl —factor — 4 aJ ^ill 5U* . 30, 20, 13, 7, 4 K Jl ^ cJU&j 

(JU^.1 ^JIa^J (j-a %100 (jl (_5-^ 1*^-3 K =13 <1 (_£J]1 (Jj-^-a 11 L4 t (jijxill (Jx>^ll 4 _ajs (j-o %50 (Jj^aj I i n63r 

. non-linear 
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jij ^ ^ ^ <*— jV 



ttfjtall j jliiill wljU : tpfUl lftpi\ 5-11 



^)ljj 4 K . : :, a 6 CllV^-d]! (_]S ^3 o3^2kJ>0 4-0 IA 4 K ^yajxj ^jl ClV>S-al' (_j)* >'.Vl ^JC. * ** ' ^-o]l ^j-4 

.^JaU. l_u^ (ji JSLU! ^1 aJ t Inrush Current 



jLuJI I Jua> yLa»l 1-5-11 



! ^_ij Loj 3 4 K . : .~ „\1 ujtiu) — lj 4 _Lqj 3 1 1 (J^ ^_il Cli^Lifc^aij 1 3A (_j1^luI 



^ 4 c>^' (> *>■ 4jU Power Transformer J^a aic. -1 

Residual Flux, 



i lA^ic- A tg mq*i ^gA ^ ^ (Jj^Jjoij 4jI j t <La, , w" (J xill -1^ — 2 

A^uali LJlc* ^jj£j (jl (jLixVi jLnl) jjg lalb 1-lJJ (j) (j^ajjLoll (jiajalli Jtllljj 

c ( ^gjjajjjtj]| I.aa Inrush 0urr6nt ja ^Ic- ^ ^ ^jlunj I^aj t ^qnxill ^jc. 
^il£j n*\l LoiiJ ^max 0J |^ y\£3 ^ <SUJI oi* J^Jla . 8~11 J^ill ^ JjVl 

.SJlt A^ik j inrush Current ^jj I^A 1Aj^3 <Lgj3 




jLjj i. tun j-ix.tiij 8 — 1 1 JUi 



c 8-1 1 (j-G ^gljV 1 4-ll^JI l»i^. UUc' uj^ ^ (_>^ ^U^jVI (jli (j-o 

I (jUajjuo ^qVt lij 4 (j-<» UJ"^ j ^_g^ AjI ^)jc- 
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. (Jj^ a\\ (_)^L \\A ^ <u 1]LA (jjfL VI .1 

. jfLaJ La (J 2 I ^j>>jq\1 1^_i3 ^jj£j I max ^ ^L>» \1 ^Lull A L«v \ 4 L>«s.\ dlS^L-saj |jj .2 



d0 * , , 

,|^ CC ” — ^ jLnll °90 AJj|^J ^^L>a LajL ^pajall (jl ^jlx^all ^j>a L 



AiV i <e ^a bl^juj V * v w * jjc. ^li^jVI jLj a_ajs i Lla La£ 6 (j-a -ij-ixJ) ji^jj (JjjIa (j^jj 

(Jj*s xt\l A L"\l ^A 4 ^qnxtll Aj*j& (JjVI • (jJJjjjJuoC- (jijAxliA A^ajS — Lj^j La^ — LjjLujI A^jjlj 

. 9 — 1 1 (J^jaJi La£ Aj!>LH A_2kjVI (J4J jlull I^A A_/aj3 <- >Q ^J lilj t A^aJliJI 



40 Aaaajv 
b ° 

co YVYYy 

^iai a^jVI g-liatf I jlii 9-11 

^.Lllo Iaj3 cdliA (j£j I jl dlS^tl ^ 7-11 ^alaxJI A A J Q H '~' r - Q^£j 1 (JjlxJ) 4 U>^l ^£_^iSI ^j£^l Ajl JaaV 

J sjii ^ Magnetization Currents Jl ^ ^ ^ l$i«ja ^u^ij ^jv,,, ^la^iVI CjljUi <jli ^.maJI t_Jall 

. 10-11 L&ill U£ Steady State 




jLj (JjISj 10-11 
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^gj^Li^. jij ^ ^ x> a ] — <*— iV 



jLdJI IJu& 5j^ia£- 2-5-11 

(jjjjuaC> (Jj^aJ AS (Jj t * J \\-i\\ ^)Lull (Jlj-a! Ajjoj jl ^gij AllxuB (Jj^j t 4 _}|Aj Aic> -la^S ^JaJ ^Lnll Ia& 

4_ijlj iSj-^ ^ ^ISAjVI ^)Lj i ^ jL - £a ^> ^ K /*1X>11 (JjAjojI (JJdj] Ia& (j£J 6 (Jj^v A\ AjtJUJ L-bol^, ^gJt-llla]l ^jLull (J!La 

l-uL^J) ^ Vj V jLnll Iaa j! AlfLauJ! (j^j * SaxJI &a& J>L^. Lujjuj ^aaUjj AH<u3 J Ia£ c !>LJa 

gjjIaIIj ^g-xu.iiJ Li J>Lk j-aJ AjV 6 L_ulaJ) ^gi j-aJ 6 jAx^a/dl ^ L-ul^J) 4 Jaia 

.11-11 cJ£JJ) ^ ^Magnetizing Circuit caVj^JL 



^AAWAAZ 




Ip = Primary current 
Ip/N = Ideal secondary current 
Is = Secondary current 
lc = F.xciting current 
Ic = Core eddy loss current 
lm = Magnetizing current 
Lm = Magnebzing inductance, 
X f „ m Magnetizing II ux 



N — CT lurns ratio 
Rc = Core loss resistance 
Rs = Secondary resistance 
Rb = Burden resistance 
Ls = Secondary Inductance 
Lb = EkLrden Inductance 
= Xm / Ini 



Jja^U SjShll 11-11 J£^ 



<j-o jin]) (jc. a A&) c JJ (J^.b jLj (^5Ua j! Differential Relay (jji JWIjj 

Lo (JJac. c > n^n (Jj^aaj aS^ ^gJaLk (_lx^aa j^j 6 Differential Relay a 1h>hI^j ^gJaLk (Jj^aa c > \ Ia&j 6 



jj^qnll (j-o AjV U& (J-gj Asu Sjlc- ^^ilkjjaj ^glillj 6 (J£ ^ A jar jjLill aAA < ju*n IajIj 6 

.d^jUJI Spill oAA (J!>Lk jW-^ 1 ^AaI Aaj^L ^ 
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a j a ^ a a } — CjV^^a £^.^>a]) 



£lsjjVl jlo c-u-uj ^Isl^JI J-i^aJI (JjIs 3-5-11 

: ^IaajVI jLj Sj3a J>L^. AjIaj]) JUlLujI ^1<J Sac. c^IUa 

<LaA^JI (J ^1 (J^.Aj SAa] AjIa^]| (JJaxlj (Jjfcuuil ^ jujA^ a jjiax j UL^I ajAJ Cj L ia. laJjaiJ La Ig-La 

^ QJQ^V (JJaC. ClljA^. C_fljL^aJJ AA A_j^ Sj4j£ ^jjL>^ A_i2l AliLLaiJ ^^Ic. (J^JI IaAj .(_£^J Sja IAjA^xJ ^aJ 4 ^IaAjVI jLj 

. LaLaj (Jrail IaA JlLuaJ IaIj 4 \L>» ^ Aj|jj^]| Jj^a]I ^jjaAj ^A IAA (. - IJjujJJj 4 ^ K U (Jj-v *W (J^^A pAj s-LjI 

. A^aA-aJI (J j^k a'I (J l - iqc. A-Uaj Sjjil AjIa jll AjjojLoi^. (JjIaL c^Ua j SjjJsl^ JSI AAJ^IaJ cilli ^aJJ LLl^J j 



L-Ujujj .AjIa^II (JLlJjujI £4a ^A 2 HanTIOniC <LljLi]| A_}fi9jjj]| ^Ia^JjujI AJL^ia (J^LaaII gAA (_)^-S 6J^-ju1a]I ^jaj 

4 ciiLiAaljjl) ^j-A a_ 2 ^a]( oa^j j4^ a^. JJ a_i jc. I^jI A^kj ^UajVI cijI^Lj djjjLujJ ^j-a Ail j& 2 nd Harmonic jLl^J 
(_^A*jj V AjAjAaJl (JUaC-VI aJL^ ^A A_iSa)jjH oAA AajA IaIij 4 jLnll *LajA L>° 40 *50 % (Ja I *\ u ^ (Jj-aJ (jl (j£aj l—Li^ 

. %7 



a_aja c. ^Ujj — 4 La a*j 4 ^IaajVI jLs ^ja 2 Harmonic a_aja ^a!> L^ jjaV ^Filterj ^jAj-a 2 ac. aaa Iaa 
<> blla 2 nd Harmonic a^ja caa*j !a! ajIa^I Blocking Signal JUi^l ^ * 6 J^) - Aj^ipll ^aa 

. (JJaC- A ^jn (JjjJ j 4 ^UajI jLj ^A (j^ SjjjjJalL <^4*4 4iUi ^jV t 20% • 10% 



cj^LoiVi Iaa l£-aj .(J-a*JI ^>^1 AjIa^II 4 ^IaII ojLujj (jl IaaIxa Sjj» ^ a Ajq'l d±jl£ IaJ LaI 

aJ^jolj A JaAll I oAA ^ JaAA J4 -ajj 4 AjjA^JI Aj-aA^)1I AjIa^II *^-^.1 ^ 4 AjIAjII ls * A-aIa^JjujI ^aJJ 

. CIjIajAxj ^jjA jI£aVI 6AA Ajiij 



Sympasatic Inrush ^jl^l Js- dJLoj^l (j ^1943^1 jLJ 4-5-11 



^jLuo ^y*\ cJ4^aj4 j . (JjLLaJ-a Lj£j La (_^3!j^^ LS^ V A_j| L_Aj^)sla]| 

ls^ uAp^ lS^j 4 Aic. j^-Lij Inrush Currents _j (^Luj aJ£JAa ^Ua jSl 4 CjKu^I 

AJIa A_aA^I] (s _ 5 -jl4]l AixA 4 1 3 1 1 (J^joJI ^A La£ aJL^a] Aj^)J 4 A_AAk]| ^A a\I A^.1 ^jl (jVI 

a^aa^JI ^ bL^i! ^aII JjVI Jp^JI j! j$i 4 ^aVI ^ LaI .axjIoia Iaaj Inrush Current ij^nn 
(JaI aHaja a_aa^JI ^a A^aL^All ^IaajVI jLlj ^jl a Li^!>La ^a .Inrush Current j& a_j ^aj sjjuj 

^IaAjVI _jLj 1^ ^il\ cillj (j-A (Jjial dAa] (jlA^Lj-A ^j!>LlaJ (j^Lnll ^jl A K x^iaII 4 Vn.W J^IaII tillA ^ja 

. tC'Lj ^)Al^la]| aAA Ua ^joiiLajj 4 o A^S lIa A L^t^aII a\I 
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jiju u^jlj^ oiJ^-^ 4 ^-vU J^.U) (J^-a 11 Inrush _ll jUj ^j! ciu^. a Jajuaa Sjjj^aj jlull li& ^jjaiij ^a 

LojLujI (Jj^ xS\ ^)^JaJ c CllLojlLoil A Un^* 11 A JjouIIj ^-jjjja t 1 3 — 1 1 (J£judj| ^3 R ^1c> t iXXJ A 

. 4 ^ .w\ l i 



^\ <- > ^ (jl jtul! li&j • ^jI C 5 ^*^ ^ x>K'l oi&j 6 Sympasatic Inrush <Ul^JI ^ ^liiiVI jUj 

jjo^U ^ j; L Relay jl£ li] VI c^Vj^ll Differential Relay Jj«j& ^ Ikk 

(_)£J 4-L^ailA Ajliij ^aJaj ^Ia^JjujI (jjjjjjll LS^ ^ ix^aj^ll C1 jV^-a]| ^ILljVI £y* AjC^II aJlA L_li^jj ^_aLujj£V 

L_li^Jj L_flLujj£V l^jjatJ Jj£l jjlj^ ^jlLaL^ J>iVli U--G ^.Ij Ajlij ^UaJ ^I^JjujI Al\^. ^ Li! .6^. ^c. 

A W *a\\ 



k /\ K \1 |> J'N. ^< (Jjj-s. -a 




^jlj^l Jc. C^J^\ ^ g-liritfl jlii 13-11 
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j j a ^ a j (_£jja]| cIjV^^a £^.^)a]| 



gi (Noise ) : ^iriUI ££tf^JI 6-11 

(Jj 10 ^ (_£jJjuia ^-llalL ^Aj 6 CljVf)^. a\I ^jj^j ^)AJ ^ja (_]£i C SjJIa £^jai CIjV^-aSI ^ja Allx uaH Clljjj^aVl 

. ^LjajjJal) aJlA ^pt ksiA aj (jl Vjl aJA ^io (JajlIIj . i*‘ ^ja AjlSjja CIjIjjJjuoa ^ij (Jj^aJ 

l o l \ j 4 ciu^ll cJ^-^ (j-a Tank II ^Jj (JiiiL cijjjjjiiAVI g^aj . ciilaLoll ^IpAlj ^ Core _ll ^Ij£aI ^pl >«oa\I ^ja ^jas 

. laxjJall JjIS (damping l^J Ja*j V ^1 ) CjI)]£aVI oJA g ^ y V Cjj)1 I jli 



: Core 1) jlju^l iwucuu cLo^^qII 1-6-11 

Igjli l—lL-^I A-^jjjuj 3vi * ajj 1a, H x °i Magnetosriction ^ajaj spUa (J^L^. ^ja s-Ljajjjai] ^ k ^ ix jAj 
AajIj]! ^ Sja 100 <- ? * vW J jlsuVI ^ j^jull HAj 6 L&l jjf^iA 10 ^llj^ JJ (Jj^aJ 1 ^. OJJ* j^a AjjuUJ J.1aJJ j ^jaa£jj 
^ja ^jl a la^>l ^ ^a . (j3^l jl Buzzing ajjuoj ^ill ciijj-a]| <. . iixjiij ^ill ^a ^jaIa^jVIj awiI! l^a 6 (50 Hz^ 

(_pali^j| ^)joiflJ I^Aj Aiji^JI JU^VI Ail-^ g-i cillij 1*4 T ^ja (Jal L_llk]| FlUX Jl (jl£ 13 ] 1 ,^. (JflJ £.LjajjJa]| 

. (JIa^V! S^hj £a l^Ljj (JIa^V! aIs £a ^LjajjJall 



: OliUJ 4s*p> cLo^aJI 2-6-11 

Fluctuating forca Sjjxja 1^ jlc. c^^I ^^jIaII ^ ^nliUxAll (JL^aIL jjIjj dslalAll (jla aLLoJI s^AUail AiLjaVlj 

6^Aj . AjjIjII ^ DJA 100 (JAslaII (jJdiiJ ^UIa]! ^ Clslj|)!lAl c : ‘OVi ojlAj dslilAj ^IJjjVI CIjUIa ^jjj 

^L^IaI J&. spill 4 i c^l high damping co-efficient l^J Pressboard ^ ^ bVu .L l ^jV^ j£aj 

. Cli]j]j!lAVI 



: 3-6-11 



^IjJajjJa]! ^ jlilljj (. ^j|^a]| o^A (Ja^J * |^-SI ^ >jVl «^£)f^l ^jl )A CljjA^a ^^A ^LjajjJall ^U-aA ^»aI ,^.1 

^LjajjJall cJA ^j>>qA\ . du^]| CliLiuJaA (JaC- 4 ^LjajjJa 1 x>>jl cilljAj 4 1 )>>ijl A^jjaII A^Jjujj ^l^-SI Aja£ 

. ^j|^a 1I S^Uj ^aj^nnj I^A ^j]ja 1 I <cjjoi 
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jij ^ ^ ^ <*— jV ^a.^21 



i cLoc)^ll 4J^Ji41 Ob^caJ ^ l 4-6-11 

dLjJjuixa ^gJj A_U^jua]l (JjJalixi]' ^3 S^^a^x^ll <^1L Aj^-ala* 6 dV^-21 ^ja oj^lx^all s-LjajjJa]' (jJaia. .liJ A Jfld x xA ^j] Lo^aC. 

^9 !>Ll] (Jj^ a\\ ^ja Ajj^II CJ fljC> ^gJj ^aJ ^IjJajjJall ^jl ^ \\* \ ^jl (j^AJ (j£J 6 i<^. ^ i.1^-9 6 A^^xuaixi ^)JC. 

. V^jLo ^)iisu cilli (jli A_li£jull JjJalixJ' 



j£ia 25 j 6 l^u 200 dlj dV^a^il 15 (j-G <^*_j oj^ djLaiLiii]! (JjjI y^\l (_)*»^1 j 

dliLai-2' ^ijj^ o' ' .\ u uj^ u' l)^-} p O- iajjuialli cillj (JsVl cijliLaiA]' Lai 4 1 ^ ^ 500-SI 2j^ -*S\ 

. tiiij (j-o AsuVi 



4 s-ljJajjJa]| Clljj^a (j^qAn Aa ^1a 100 -S AiLai-21 l)*-^ L_l*j^aSI (j-^3 ^l£lV ! Sjjim dli dV^xa'I La I 



. cijV<)^k <a\l A}j\^ Jajjja. j' Cjjj^all 



aJUJI 6^a 



^.IjJajjJa]' (jl (jS^-VI jj'^ 9 (j^AJ ^gliSlj dLjJajVI (_£>ia. (j-Q ' ^ iajl (Jaalj (jl <gj ^.LjajjJa]' (jl A ^ 

(Jjj^xall £jJaj ^jLilLj ^auuj 8 O^J^J ^joj 4 (jC- (JflJ V c^lxunj JaHaaSI (Jxa djj-al] A_x^aLa dLjJajI LLia.1 ^a, Wid I LSj 

AK ^ 2- 1 1 (JjAaJlj . .ijAa. ^jld Ljlg-J ^ LjajjJaSI (Jlilljl ^-LoS djA-all dLjJajlj lajl^a. dj\2 A ilx ^ ^ 

l 4 j&jja^\ CljUj^a'j^l] liila ^jjjj]| CIj^j^a l^j ^j^qjuuO ^.LjajjJa]' lIjIjjJjuo-o 



Aj£jj^V' liila ^jjjj]| dj V^-xi lg-J ^.LjajjJa]| dUjJjuixi I 2 — 1 1 (Jj-^- 





dE 


> ^ LjajjJall ^jJjuo-q 


K.V.A Qj^x^l (jji-o 


Jja-xi 


Ju^jj C_flLa. 

l£J^$ 






57 


67 


58 


55 


300- 151 


59 


67 


60 


56 


500 - 301 


61 


67 


62 


57 


700 - 501 


63 


67 


64 


58 


1000 - 701 


64 


67 


65 


60 


1500 - 1001 


65 


69 


66 


61 


2000 - 1501 


66 


71 


68 


62 


3000 - 2001 



A^jjuoj jx-roxa Ac>j n^ix>ll dVp^sx^'l ^jc- A_dlj]| ^LjajjJall 3 1 1 (Jj^aJlj 

192 



http://www.sayedsaad.com/montada/showthread.php?t=71630 




J J CjV J^-A £^>^3) 



^3 A^j)ri«ox>\) ClaVj)^v ^1) ^ ^LjajjJal) • 3 1 1 (JjA^ 



ELMACO 



Power Transformers - Distribution Transformers - Fusos. 



NOISE LEVEL 

ELMACO transformers are friends to the 
environrncntiil amditions. For this reason 
the noise created by ELMACO transformer* in 
service arc within the minimum level 
according to DIN 42540. 

THE NOISE LEVELS MEASURED AT I M 
FOR TRANSFORMERS IT TO 1600 KVA 



RATED POWER (K.V.AI 


NOISE I E VI 


25 up to 50 


45 


63 up to 100 


46 


125 up to 160 


47 


21X1 up to 250 


48 


315 up to 400 


50 


500 up to 630 


52 


800 up to 1000 


54 


1250 up to 1600 


56 


THE NOISE LEVELS AT 1 M 
TRANSFORMERS UP TO 5000 KVA 


FOR 


RATED POWER (K V.A> 


NOISF. LEVI 


20<X) 


52 


254KI 


53 


3150 


55 


4(XK) 


56 


50(X) 


57 



INSULATION LEVELS : 

The following table indicate* the testing 
voltage for different system voltage* of 
transformer* according to IFC - 76 



SYSTEM HIGHEST 
VOLTAGE (O.)rjja. 


POWER FREQUENCY 
TEST(K.V.)rjnx 


IMPULSE TEST 
VOLTAGE (K.V (PEAK 


LI 


3 


8 


3.6 


16 


45 


7.2 


22 


60 


12 


28 


75 


24 


50 


125 


36 


70 


170 



M» KVA. 2ttM KV TRANSFORM** ^ ~ 



Pernor T rant formerm - CX*trttoutk>« Transformer! ♦ Puooo I » NASH 

24 
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jij ^ ^ ^ ] — ^J^JI oj^l <*— jV 



rated frequency SmM feyll £§ iij^ll y £*| jy'fi : gLJI £yj^dl 7-11 



lj 1 $jLLJ Qj£j ^jl AjV ClaVj)^ aII ^jjL^aj^u AjalxjJI JU^I j JllA 



? 50HZ 4Swi J jl 60HZ J$*4> j5^ J* 1-7-11 



•o^j-iJI L-JklU jU ^ajall <ilj£ <L«Jj L-^ia 1 $jI (J J1 LIjj Jill Emf _ll JjLua o-° 



E = 

^rms 



2n f N aB pcg fc 

V2 



4.44/A' ai? 



JJ1 (J^j 60 HZ ^Jc> cJ-<Jl 1 aa >. s\A (jl^ Jls c s^Lij Core Loss _ll Jl ^ 

dij.iJ Iaaj 4 4 _ajjo 3 B E (Jij V) (jLojJalj 4 ^^ai^jjjaj AiLlJI aJIxJI f jli 50 HZ a^jjuj 
{£±5^* J£j 4 eddy loss ^ Jli£j 4 Core Jl ^ cJjjSLJI <xJ ^UjjV ls^o 4 lJSII ^ saturation 

. jLlJ^I li& ^ x^oj V aJc. .SjJJI <Lakp ^UjjV 

? 60HZ 4£juJ jiL o' 50HZ as jJ ^ Jj^a] o£-aj Ja 2-7-11 

o-dj 4 B Jl Jal "LojJ JjUI JljJI (jJc. ^gic. JV 4 Jj^JI (3 LaK ^jpll ^Jjl JK <j| ^iljll ^ 

over JjA^. i^ja (J^JI pi xu J Volt per Hertz ^jll Cy* ajISj 5 W^ £-^j c . ^>j (jJ 4 <Jiil cijlil 

^Vn J 1 (J3JI JjjJ» uj^ V J l^j (V/F) (Ja V n LJaj a \* ~nj ^Jlc. 4_xJ ^] ^^pll ^-3j (jV 4 voltaQe 

. (J^JI 
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^ ^ j } — a_ij jgJll (jjJI ^^.jJI 



iiftJI ittl jriii : gtCJI Ifljtll 8-1 1 



5jL»)jio DC Ji^f- g-o jl J5®toJLI J-to 1-8-11 



(_j3*-ft ^ic- (Jjta^a^j (jl jj^ a j Ijjli Llla^. .Ijlji] (jJaj$]l jlS Ij^lajfl 4 jj^ A a IjjJaj jl£i ^ ' 1 4 jj ^ "' ■ • a £_i]a]lj I jj5s 



L_ils (_]- L> (DC^ ]a32 4 t ^ j ^ .laljpjl IjA jj£] 4 ^^jl!i]l ^_9 j ~v ^ V- (_)■ ^ j (jjaj$]l 

tliisus 4 ^tul (>=>j (-jj^.n^ll current magnetizing ^ £ (>j saturation ( *^ull j Uu^ 

Jl (jli DC ^a. jc. J«JI (> ojV J&. lil LI 4 AC jc. J«u cj^_JI lilj 4 over heating 

.Pulses JSJJI jc. (jj£j J ojV Voltage Signal 



£ 

? josl^ 3 ] g9)j ^)j3u-o>1 ijS*jg Jl& 2 - 8-11 

(J^JIj HV Jl CS^ J V (Jj^ajJ O' Aj) 4 jj&l^jYI ^ lg_J.l^JjJ j£-GJ £-jjJI L_llc* I 

A A Jl <■** i i-s. A/Y ^Lx-al (Jj^ Jl jU U jJ 6 SjJiil j^jqVt djjA^ jjJ Jj^ Jl (jjoiil jjo£JI jl 4 LV ^^9 
AJjjx^a jj^J jl N Jl A ]n<Tt (jl oliijYI 4 > J.Hsl9 4 Y/A (Jj^«JI jl x«o9 c_fl|^IaYI j^C. ( j.^^ixill 
$Jjj ^jliuaj li^j 4 ^1 jj%* Jj» JJI ^ ^ inrush current Jl jli jAx^aJI A_i^,lj Y Jl (Jjj^ajJ AiC. AjI 

. (Jjk Jl _Lxk i _ 5 -lc. Aj£jJI djIjjjJI 
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jij ^ ^ ^ cIjV^^ ^gi 



jmc jiilill Jmll 




Z. Aaj^£]| A^JjuJ) 4 £_T)jj1) CL^j^a I^Caj Aaj^£]( CIjV^a Lix^alo A]£ 4 _j1j£]) ^ <jl£ 

4 Ig x 'nIja (Jy ^Q%\1 ^ ^jjjj^j ^jl L—L^J lilj (_£^l C1 jV<)^ a ^jC- L^allx-sa^. IaIaJ C jili^J C1 jV^*a]| ^ja 

- ^Jjj^aial] (jAilj *jj x ^all (JIa£J ^ja A uixi^v ^jc> Aajjjuj Sjfls r l laC. j (Jj^aall IjlA ^ja Ja33 Cl J^jl 



Auto Transformers^! trfjfei i-72 

UUj Lj^£ ^ j^aiio c. *\a jj£j aj3j Two winding _1L jVI ejt&l! ^ aliujjj ^ill J 

_JI (Jj^- ^ IaI - ^ ^ v W \1 L_lldl ^3 ^)aj /j>>jo\l (J^L^ ^ja Ljjai 1 la l lx j, ^ Aj (Jj^adA Aj£J 4 ^_£jjld]l 4 _Jl1a qC- 

. 1 12 (J^joiI! l a£ u^j c^.lj L_aLi q^£a All ij 4 ajj£j^ IaLqj 4. qV*^ja Auto 




Auto J! Jja-0 1-12 



• 2 _ 12 (J^ cl I JojoLIaII (JA tg Ag^ (j^AJ CljVj )«S a\I (JA I.^J <LgI*JI Dj£^]|j 
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AutO -II (Jj^2 A lajoi^Q gjjL 2 — 12 (J^juj 



JSjuII ^^9 L£ c 400V Tv a2c>j c L_iis (Jj.^ c fljiLo 4 Ail 200 Ajlil BC <> iLa lij.2 (jl 1 ixJaji ^ls 

E aJo^j jla E a laaj (_^l Tap U.i^.1 ^ls . aa! (J£J 2V aj«2i ^ Ll^I <jl (Jjij <jl ^JaiLudj (J£judll I2& . 2 — 12 

• 200V 1a, ^ q^Lloj !>liLo l jj^aii<ill ^ E jls t dslilll cj^lilLaj 



Two-winding Tr J^-o j-o Auto Tr J^-o J& 1-1-12 



a^. ^ Rated 21 jliill jl cA*^ 1^2 6 10 kVA ajj^Sj 6 200/100 V a! lij-2 jl o^ajij 

(jjaLdl (Jjj^ajJJ li-aS UjI (jja^iil (jVl • 100 A Loll 'sll A^_^. ^3 ^jjLdl jLnll ^ A \)) 50 A (jjfLjjoi pistil 

(Jj^a^jjuj (_^ill j& La 3 Auto Ul^> li2 (_^l 5 12 (J^ju 2I l-^-lj liLa A n^ijl l*-o 



?<uk 



^Ol, jl Polarity marks (dot) -SI 



Ajij^Sa jj£Ij (jjal-dl (j! (j£-aJ lijl 3 — 12 (J£j2SI 

- A al"-^ " i_luij 



?0A 100A 5QA 100A 





3-12 JLS 
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jij ^ ^ (_£j£]i cAV^a-a ^£ ^a^di 



ls^ J>* ..odi Uj£d ii&j i Additive q^} duau Polarity -Si cAjl£ JSldi J ^ ^ (b ) 3^dSi ^ 

6 ^i*joj Sl^lLo dU& (jl £%Sli . ! ! ^ a\\ j& i (jjjJ (j£l .200V 3>^di <jl£ Lo-iic. 300V ajd ^jjliSI ^ 

J 4 g >SS (jjLa jd J* t«oi <Lgj3 AjAdi jlnSI A-ad JjUAj Vi <* - aAlla. Aiu^ajJ (_^i ^ ^Jallj . SjdSi 

100 A jV^Si Djld (_^^Si (jAn^i^Si ^ di (. ^JijjSi ^lc> (3 juOLiA J^ti ^ji C-Lpkj (b ) 3^-di aIL^ (j-^j 4 



c-jj^ >nx>Si jtuSi (ji -^*wn djj^)\_£lii KCL Q>jta JjdaAjj .-4 xnqSi ai& jjlaaj ^ojoij ^S (j-aj 4 Uj£i 

Cliaoxd djddi Sj^sSi (jl jVt ^-Aai jj • 150 A ^-ix^ai Ai — (jjil dl (_£l ^9 ^jjjjSj — (_5^ji-di 34^i ^jAnadi 

Ja^aj-di ^UroV i Jj^di ^ 10kVA -Sa&a ^jLd Cl±jl£ l^ji (3>^Si jLj ^ 3>^Si (-JjjJa ^ 30kVA 

. A^AdiliSi A tt \ 1 j 



^JjVi • (jdajjlaj Sj^Si 3^ Auto Xr -Si AjVj)^ ^ ^ji ^si^Si aaV i-ixj^a s^L^Si gjia ^9 c-iidi 
3^jdU J\ Conductively AdiiSij 4 A_p Uli cd^di ^ U£ Transformation -Si 3-kJjj 4 Inductively 
cdkj AjaLjaVi 20 kVA -Si i-A^ 10 kVA ^jUAj JjVi AJL^SaSL djiidi SjdSi ^ b ^Aa^Si ^ UjSLa. 4 jjALdi 

• A_ijliSi Ad^SaSU 

A^dij (ydi^Vi ) Jldi *^di ^dL liji^ 3^u ^iALVi c_aLdi ^ itja. j! Auto Transformer -Si ^ ia.V 
35 A Si ^ 1 nj (ASjJjuAdi 43^i C5^ (j;j^i (jlijfLj ^liSij ^iALVi ^)Sjj qa 3^ (j> i-AaJl Jaa.Vj . ^ (_£^j\^Sij ^jiaiaAdi 

^^ic-i i^j) ^ Aii-SaSi VqqSI ^aliaAi LS^ d^A^i (J^aliaAi (AlSi 6 4 — 12 

3dsjj (JJji-aaSi ^)3j AC-LoiJ Uui (djlLuldi <3aJi iAA ^JaLa A_^.Laui i-Aaji (^j^aliaAj jbdi (jialiaAi ^jC- ^JlJJ La£ 4 

nj>riS (j^ Aj^lsdi (AjV^a-di ^ai^Vnui A^oiA^Jjuji ^ !>LAaAxi AlxaA ^^ASi AjjaaLoaVi £j^-di ^gb ^AAj 4 3j^ <Q 'i (jjj 

1 3 a_j A_x-alaJi Turns Ratio -Si oj^ u^S-o ji ^.^SVi 3>^- xi ^ j xa ^ s-i\ ^-3aSUj . a \a 3^>^ 

Auto. -Si (j-* u k® 3^'j ^a-Aai q^jjoj 3j^di ii^ 3^ u^j 4 1 Jj 2 ji 4 



Ii 




C 

4-12 3^ 
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^ ^ j £^.^21 



j] ^ j i Jaia Transformation JL ^jliJI spall ^ ^ l-lojUjj 4 un,Vigll &jUjI jl Auto -II cS^y^ (— iljx* *^b 

lJl= 2 j jit >.STt\ Auto —II J>^-G jl IajIj ^Jjgj AjAJj (Jjoij 4 -lJ j^ <*— * 

OljUII Oe OlsSLall 2 - 1-12 

(jjfiA\ lJlLJI j& EC sj^JI ^ 4*^3 tNi 4 -^ jf ] * * Ut1 j ^I-^jVI aL 2 l j& AC e^JI ^> 4 *^ JjjLuJI 4 — 12 (J^juJI ^ 
jl <. - i^aa lij (J^xaSI jl jl <. - ia>j I 2 (j^jlillj f ^IjjjVI (_£jUj j^j a£!> 1 *JI <Loj]j. 2 j . N 2 4 jI ^1 j^c-j 

oi& j-n lajjj . ^jLjjj jl <- > jjiL 2 l ! 1 £] Ampere-turn 21 jl ^>^.1 * jjaxj uj*^ UjLolLo (Jjlil 2 l 

i ^j^UI j^iL ^ I 0 A-<ua (JLqaUj^ ^jujjII ^Ic- ^)\_£lil cIjIajjjj j-oj ^ a^oj1x-2I 






(jl Oaj l^uij 



Nik = N 2 I 2 



n 2 

h= ¥ h = ah 



• u' JJ W-“j 



^ j5^Jl 3-1-12 

£aj ' ol^ll (J^ja £-A t ^ nl VYi . ■■ <11 4 \sS\ (j) [^yajjk j lijli dlV^a-all (j-o (jjfr^jJI ll£, 4 ^ ’w’i , l' ^11 (j^l^jll 4 _lo£ 4_jjliLa] 

dA/dlx-all (j-4 (jjfr^jJI ^3 (^l^ill 4 jn)‘i\ jj£<u 11 a ^ l<~.j . N . I ■ . ' J ‘ £-<a l_u^Uju l^-jl (_^l c jLull a ' 1 

:2LJtill 



Amount of copper required in an antatransformer 
Amount of copper required in a two winding transformer 

Noting that AVi = Ni h = 



{Aj -N 2 )k+N 7 {l 2 -I x ) 

M+ATj/j 

2N,l 

N r N 2 

N, 



(_£jiuij l aq JJJ 4_iuij]| (jl (^Jl (J*-aiui3 a = N 2 /N 1 Ixa^iljai! 



Copper in Auto Tr 
Copper in Traditional Tr 
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(jj^lj ^9 ^)3^]| L$ alaC.1 D^jlill Clul^ IaI^ SjJxj^a AutO -II CjV^^a ^^9 (Jj^aII Ajjaij Clul^ Ia 1£ |jl& ^glc-j 

^jjjLaal) 4 _ia£ (jA iaia %20 Jj UjI ^gisu 1.1^9 500)400 ^jIjojj !>Ija Ajjul} d±jl£ jla 4 ^j£I Cifi * k 11 

li&j 4 Ljjsj (jjc-^ill Jjj9 V 4_j| 500)10 (_^jIjojj Ajjaij !>Ija ci±jl£ li] IaI t <_£jl*JI aIiIa <a,i^jjuaa]1 

• 3)1 jjl^JJ lgJ9 (JjjajII <Jjuaj .Aau V Auto -11 OjVp^A (jl L_LLuoll 



:Jti« 

^ ciiljlull jjja < ■ nn^ .1 100A jLuj cJji 400 (_$_jjl!2l cJji 500 j& -ig-a. jlS 12] 



N 2 400 

a = -f = — - = 0.8 

N t 500 

/i = al 2 = 0.8 x 100 = 80.4 



Copper in Auto Tr 
Copper in Traditional Tr 



= 1 — a 



liil IdAj 4 i_£dl*JI (Jja-all ^gi (Jjlaill (jj_5 (j* ( 0.2 — 1 - 0.8) (_£jluiJ 3.UtO 21 (_>olaj]l (jjj (jl Aaj 

.(jjilaall (jjj (j^ %80 IjjSj 



.6 12 JSjij 5 12 (JSjill ^gk La£ 3-phase ^^ic- lA^o 
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JIHI V,50 Hz 
R«l«nwd J-phtm supply 



^ & 3.1 — A-ij^)^£il C^i 



X 




Xxv= 200 & Nzi- = 175 



Aj 




3 -phase Auto transformer : 5—12 <J£2s 



3- otiose primary (4-wire) 



8 

C 

N 



3-phase Auto transformer : 6-12 JiSi 
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HsiI:iiil;l l lI J5- p lit:i ^ i> lnml 



jij ^ ^ (_£j£]i ^gi 



. Auto Tr i\ £i)$$sxjs Ololj3iu»l 4-1-12 

Lja-ji ig ^ 4 AijjJa ^3 yikjiA ~N ^Ac. (Jjj^a^A] 1a1\ Jl^_aJi Cljl^Lllaj ^3 (jj£j djVj)*\ xAi dLaijlrdudi ^ 

^9 220 ^Aj 500 (j -0 ) ^-i^^Sjj ^ J 1 dldjoAi AiiUaSi (J^LjoI ^AlxAi Jl^aJi <■** A a daJ ^^9 

V 4-ja jki a Turns Ratio -Si q^Ioj ^-S^i ai& ^ Aji LuxuV (ciujlSi ^ 132 Aldj 300 Aid ji j^a 

. 1 Ji 3 Ullt 



Induction Motors -Si dl£ja^a J ^ddSi JJ J !>lia ^Vn>n dua> ^Ji J <jjj AALiji^lJ l-2^) JS 

• Auto -Si Aj^laj (jdij C5 £jjLojjVi >Si ciimj cJ^j2±a (Ja*j < 2 4 Stabilizer >Si *J 6 ^ J J 



i}y^ L_ajLa L_kLaSi (jjdj 6 7 - 12 (J^dSi J La£ Cli Sj9 12 JJ* t^Ti jjJj-aj A_ijjjA£AJ Sjj|j Jc> (_ £jA^J 2 xiSii 

J 4 AA jg JUAJ AJ dULJi Aji jtiLul Jj^J 4**u-v^ 4 Clulj Jc> J Aji J-Sajuji Ad& Jc> JJ.VutlXt L-lla 

Sjljj Jllxi ^daaSi Jij <j-a AJ ^jldSi dJjSl £-a L.Ja ^jjJjdi ijlA A^j^. LjJjujUjjj .(jjjjjASi Jja Ig-jtjjj 

(, gAU ji ^Lq^U Ajjjuo^q dliS l_slSj aAjl^o l_ALuo ji <—iyy$ ClA J aJ ^po (Jjj^ -SS cJ^iJi dl>Si ji 

.(J^.iJi jUSi ^jU^aaj ji SjU^j j^Sjj V cIijIj "121c. ^jJi lS*-?^ (Jj^xiSi JJ (JkiJi ^jU^iVAij S^Ij^SI 




7-12 

Aj^laiSi (jjdj j;i*d ji ^A*d Jjj^adS Variac >Si ^ Auto —Si cJ^-^ 

. 8-12 J£dSi 
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j j a ^ a j (_£jja]| ^^.^aII 



Variable transformer 






: Auto H 0^5^41 Ol^to-o 5-3-12 

Aj ^jajoiaII (Jjar-uull ^^9 Axj9jja S • 

^^JjoiaI! ^UJI j (Jj^ a'I <>‘N‘s ^9 ^)9j • 

CL^j^aWj (jjj3 La li] Aills Aj Ajjujl^jl) JjSlLoll • 



: Auto 11 0^5^41 03^ 6-3-12 

ji ls j\S±1^\ L_aLJ( ij* L_aLJ( SjjL <jV JlxJI ^dl ^)j!j, 2 ^ A^al.VVunl Ail^. ^ (Jjaj • 

Galvanic ^jj V iV 6 Secondary Jl l_l>U Jl Jj^jJL J&J Overvoltage Jl cisU^ 4 JU1I 
l-JJL <jJJI cislaLa (jc. JI^jjVI cislaLa 1^9 Jyuj JSI aj^LJI clS^j^aW J Ia£ Isolation 

. (Jj».u)JI ^.9 ^^U^aliSl JJC- ^Jj^aJj l^a. Aj^U£ (JflJ Ajl9jja (Jj^j AjjuUJ AlL^. ^9 • 

jx^dl jLJ Aj9jLla 4_aj 9 c. q» jJaJ ^aJ ^jaj Inductance, L Jl 4 _aj 9 ^jjaUAM Jj Aj9 cj^jolIaSI ^j>ijq\l Al9 (_£^jJ • 

. L jU^VI cjlc.) J a*_a Reactor Jjaj c^V^dl ^a gjl ILa ^tl^l J ijndl j& li&j 
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Grounding Transformers ^| trfjftt 2-12 

SLG J^ajJI jlii jLx S J jjiJI A^Ji&l Isolated System AJjj*-dl aJU. ^ 

a ini jj Two Phases -II { _ s ^- ^ (jl £j)l (jjJ ^ Ijaj <. TLAi jlu _^j V ^ j Tlila 

. Over V oltage As j-i* ^ Wl« % 1 73 

^3 laS A jaflj ^ lAHl aAlAIj ^jlAi ^_3 AjLjJaj ^jl IjjV A IS ''~' a] I d A ^cllxj G 10 U 11 cl 1 11 g Tl —II ClsV^-aj 

. AjLLaill A ^ ju!a]| ^llxJ ^aJ (j-°J ^Lu J.: VqM cJj^ ^ I.2& (j-a A_uiaj) A^&jlLa AsLjaj Ljajl Cf^ A }J 6 9 — 12 (J^jui]I 

•Y/A ja 4 Zigzag -SI jA j/jl : cAij^AI b 3A {ja (jjt jj tdljAj 




9-12 
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j j a ^ a j (_£jjJI ^^.^dl 



Phase Shifting ^| trfjto 3-12 



D^Uj (j^Ju ciUij 6 Inter-connected Grid a>>» n J^-JI £^JI <j* ^ <Jl*JI Jy ^ cd^JJI 

A_ic^i]| CjUo^dl cdl^j Ixa JldjJI djUau^A £- Ixl^> ^JJ ClA£jjuJI (JA ^Jl I.2A 4 AJj-JL A^jjuall AjjLucJ 



. A Q V ^ A. /\ [ ^ j It ^ 



iji aILJI o^a ^ Two Parallel Lines ^j'j^' uA“> 5 -L^'jj l*-» (jilLa-o Luj ^ 
liU c (_^jLou11j l ^ ip jUdl ^jjjj ^lj Impedance Jl j) J^lall s-Ijjoj ^juj IaIaj (jJjLua v jjt-.^\i ^jj£j 

Sjjjr Z aJ ti-v\u i Impedance -J a 11 ajjuuIU gjjjj aJ jiiuJI ^jli (jJaaJI cJL^llkl clj^ 

i _ 5 -lc' Overloading m<> / n ^j| ajV A_ia l_i jcja jjc. ^JalL 11 a j & ^ja^jJIj ^£1 SjJi aj jajjoj 

. ^jjjljAA ^j ^ t->-v ^ic, (J^JI $>* jJij ( ^tJLlj JajJa^Jl .1^.1 



CjSjH (jj^j 

liAj J£LUI oAA JaJ 






£jjuJ A allk a A_1J^£ ^ajL^a^ Ia^J ^jjjJ jJ (jjU JaJ^]| ^aJJ (_£^.l (jL^I LS^ 3 
jc- ^JJ tiaJ l Jjt L_flj^)iaH aJA j t IgAl^j) jl l^IiAja s-Ijjoj I iiJ aJjVia'I 



Phase Shifting Transformer, PST Jl ja >-ai*JI 




JSJI Jaaj Au-aUJI Reactance Jl ^ X Jd^j V r JUiaiVI V s JUjVI ^ jjj Phase angle Jl ^ 5 

. 1 0 — 1 2 (J£juJ! Ia£ (jjlIaaJI - 2 aJ^)ll 
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^gj^Lp. jij ^ ^ ^ <*— jV ^p^aII 



-lip^li jlgpJlj t IaA^I£ j) 2pp]) jl (J^D^ 3 O^ ^ ^ \±& xLj Uj) (Jjjjj 4_1jIxa]! aiA ^jaj 

^gi^j Sjj* >^> c > Lujjj <1 Turns Ratio -li jipj a ^ ^ j clip. PST ja ji^Jj cl&j ^ Ua ^jjjixlli 4 ^ ^ j c 5 «^ 

. Ljajl Phase -1) ^ipj 4 ^ * j 6 Sj^all (jLjjuj alpjl ^i*jj ^ u^j u^ l ^ q ^ ; j! S^U^IL ^jjllaajl a $ ^ ^jij (Jj^a cJ-^ 
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Converter Transformers ^1 trfjAt 4-12 

DC J] AC (j-a Sj.^lS 1 ^j\ ^ln^j Ljli HVDC — lb ^-aJl aJIc. DC -11 Jajln'S ^c. $j^£ll Jaj x&~ 

AC Jj v* J^p^l ^l^un -LaJI ajI$j t HVDC Ja^lxk I 4 & ^jj Inverters ^hVunb 
Li lg_J (J a !\ > *^1 -iaaJll Ajlg-J J Aj1-2j (j-a L " ^ tul (J£joJ1 ^j-o ^jJal JJ . 1 1 — 12 (J^juJ! 

.cijUjiiiJ) ai& ^ aJLJI Harmonics -11 aKA* L^V <j-aLk ^^1 jtL^jj Mixed AC/DC -j cJjxj 



+ 21 5 kV 
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jij ^ ^ djV^^-a ^£ 



Dry Type Transformers jfhJI irfjfcd 5-12 

^9 (Jdaddl £-^dl Id&j .SjjujIxo ^9 ^ jJajJ Ldjj A .jjaidaLix .dl S^jldl Vj djlaLdl jax j V £-^dl ld& ^9 

^J^jaiJ Laj-ac. djV^^dl J)J^qjj j djV<)*\ d) IjLd 4 jV Lqj^c> Indoor — Jjj A ^ dl djjjLajdl 

ajdall ^^9 4 1 n x> ^jc- %70 4 u*i n djjj j t Sjdall ^LdaiiLLa ^jj£j Dry Xr d! djls-nlaj ^j£J . Ipl i a rQ 

djV^dl 



JaijJall <■** ^I^JU ^JaL^a ^jj£j djl&Ldl Sclf”Air Cooled — J dSj^xdl djVj)^ dl (j>& JajuajVI A A , juadl ^9j 
Convection ddlj^JI ddjld (jc* ^jj djULdl (J^.ta <idldl Sjl^aJI ^jli <Ul^JI li& t ^jUJ) (jjj^JI 
l ^ id ^jtidj .Jald oj jj> troll ciaVj)^ dl ^<j ^L^aj Id&j c a qVi^v dl $.jy^.VI (j-Q Radiation ^l*-dVI (jy^la Idajjj 

- laJa dl ^.I^Jl (j>a A->>5aj3LA (jj£j V AJj^la odd (d^i-dj (jj-^ d Sjd VI L_ La>J ^j£J 6 Ig »d k ^ d^joij 



C5^] l^J ^,|^J| djl^a-a 



aJ,\c. igj Surge Impedance -S' <jl j& S-imid l ^ill li^S ^LuVl i_jj*JIj 
<( *J a'ja]' (jlc-j (j& 4^ US' Transient Voltage -S' ^ ^Ujjl 



l^ia d i dLLdl J£lddl ^^Jc. ^ \\*"\W l^ia j t Cast Resin dL <L9jj*_dl ^ j djV^dl <j-o ^Idl g^Jlj 

S.iLd (Jj^j l^J Aijlsdl o^Ldi i 12 — 12 (J^doli ^ La£ (Jjtc- (J^l^ A^^Jjoixi djliLdl 

. Ajjjyb dj|^<ui l^ia (jj^ V^ t 4-j^la^lj jjto djliLdl 



djVldWi jV ^jlxdi i^yn lAjJC.j djUfljulLjidlj JjlajVi ^ ^."iVntiJ li]j ^jlxdl ^di (j-G ULd i^J 

Idj Aj Jai^do <d3 L-JJ^jjujJ 6$.la£j Ajtijj-o 1 )>>ijl AliiKj 4 Id^. S^j,Wx> A_i3 

. 4_daiid>Q 



208 



http://www.sayedsaad.com/montada/showthread.php?t=71630 






LV terminals 

Normal arrangement 
Top, rear 

Special version Bottom, 
ava:labte on request at 
extra charge 

HV terminals 

Variable arrangements, 
for optimal station design 
MV tapping links on low 
voltago side for adjust 
ment to system con- 
ditions. reconneciaWe 
in de energized state 

Cross -flow fans 

Permitting a 50% in- 
crease in the rated power 



Temperature monitoring 

By PTC thermistor detec 
tors in the LV winding 

Paint finish on 
steel parts 

Muitole coating. 

RAL 5009 On request 
Two-component varnish 
or hot-dip galvanizing 
(for particularly aggressive 
environments) 

Ambient class E2 

Climatic category C2 
(If the transformer is in 
stalled outdoors, degree 
of protection IP 23 must 
be assured) 

Fire class FI 




Three ley cure 

Made of grain-onented, 
low-loss etectrotamr- 
nations insulated on 
both sides 

Resilient spacers 

To insulate core and 
windings from mecham 
cal vibrations, resulting 
m low noise emissions 



HV winding 

Consisting of vacuum- 
potted single foil type 
aluminum coils 



LV winding 

y r I r - r- *r r 
Turns firmly glued 
together by moans of 
insulating sheet wrapper 
material 

Insulation. 
Mixture of epoxy resin 
and quartz powder 

Makes the transformer 
maintenance-free, moist- 
ure-proof. tropicalized, 
flame-resistant and self- 
extingurshing 

Clamping frame <md truck 

Rollers can be swung 
around for lengthways or 
sideways travel 



* a r> toftd tap otargera on roquast 



Cast Resin Jl cS^j^a : 12-12 

j i jAx-a-o 13] plilaVl djijxo oAau Lgj-ac- ^ Cast Resin ) I3&j 

Ljajl tg_Loj t lL^j~\aW ^ja 4_i2 (jjfLa Ajjoij (Ja^j ^ <jl 13&j 

4jIa dilaLJU Cast Resin -U 4 >jVij . djjj t *Uc. Compact j ^Uuxu-a j ^ 

. Short circuit ^ L3ij 4j^nKjA'l c 5 jsli a^j\1a 
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jij ^ ^ (_£j£]| ^gi 



jmc ^JUII Jrnll 




^jjjLojVIj x<uxj (rating Jl ^ (Jj^ aJ ^liajaVI Sj.JJI jl ^aj ^j£aj l^JL^la ^jxa 4 ci^V^^a]! ^jl) aj^jlJI i ^ Ivt ^ 
aj ^jaj . .ij^jlJI JiL^Ja L-Lai^. (J^^aSI (j ja ^ rating Jl aajs ^ja ^j^I ls^ cJ v ^ (jl u^h bJ ^ *i» xn c .i^iJI JiL^la ^ Ac. 

.CJ^j^aI] (JjxjujJ L_jIj 4jlg_j ^ Jjc^aal) li& L— lijJal L-UjuJI l-l^Jj 6 (J a]| (JjxjaJ ^g-lc. I jJjtJI IgJa 



UttLatfJ Ajljftil jiLflf 1- 1 3 

4 LOSS -II ^aJax j ^ l ^>^\ l Lla Ia^S 4 <JjaLllallx a] I djjI.JI 6 <-** ^q\^\1 l" A\ S^jJaII Sjj^aJ] ^ juaJJj]| 
j^L^ia l$K stray loss Jl JiljaVL copper loss Aj^bJI ^bjaiblj Core loss _Sli < Sjlp. J] Jllj 

jl <JjJ| jLJ J] (jl 6 ^Sljp 6^li£j IJjjj-aJ ^JJ ^1 b] Sjj^aJI £>i&j t (J^JA Jc- S^j 33*11 AaUall 

.gaskets _JI jl 4 _ajs ^ali^jj 

djbkp 8 Sj-Ji ^liujl (J^ 6 (J^-aII jaC> Jjj^ajj JJ IajaC. (Jj^-aII jl dlULJI J Ijajl ^jJI 

. l^Iljljx^Tj .Ii^JlJI J-AjaiA SjjjjJaj 4_1 aAI ^)jaiflJ b&j 6 L_L^aJI Jj (Jj^-aII jaC- (jlai^J A j*jj)oll J_2kJI (jC* 



Coolant iJMlI Jfcljll 2-13 



dllaLol] 0^)4 a] 1 Jaxu^l] 4 ^ w"' . , 4 _j^qj]| L_flj^)^JI ^ jjl 1 13 Lo£ 4 ^ w - : . .■ ^ JaL^jjl 0.1c. ^LiA 



SjjjJt LUjVl : 1-13 Jj^ 





>j]| 


Jajaij 


0 




Mineral Oil 


^0X4 Cjjj 


L 




Askarel 


(Jjlc- ^cJ n.o (JjLuj 


G 




Gas 


jl^ 


W 




Water 


^.Ia 


A 




Air 


*!jA 


S 




Solid Insulator 


2lL-£a (Jj^ 
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j j a ^ a j (_£jja]| £^.^)a]| 



. c^jjllj q, Ij^JI IaA t ]jLuHj) J&i\j coolant _11 jj^LaVI jjc-^JI jli ^ilalUj 
: j*j . Dry Transformer _j Aijj*^! c: jVj^JI ^ ^ ^I^JI lU 

. Sjj* A-uaj <*— J |>^ V] y ^ojuLj V (I) 

. (J^slII AjIja <ia (s-j) 

. (J^*JI A-jtLa ^_fll*jJaj Iaa ^LojjVIj A-j£>U CIiUIaII i^yayd 

. £ Ij^JI Ig llA/nt djliLall 



13a ^ oj%-j ^ oil filled transformer *jjA II <^1 CjV^a J. Lalu^ IjLSSjt JS^Ij 1 i V I ^^3 tlujll LaIj 

. Ajjjjll djVj)^ a !1 Ju^_u ^ic- Ja 33 



iiljll J ijjaiJI uYjmII j mjil\ hpi* jtU, 3-13 

ujU^aJi j £jl><JI j jAu^yi j Cjj)]I : oil filled transformer J ClaVj)*s xi Jj^jLill A^^JaLa] A-LojLojVI ^-atlxJI 

.Cllj]! Ajjajj^ C > t'NJ ^31! JjVI JJ-aixJi jjfLjjal ^iLalUj .j£)jjl! JJjalljA J 



0^3*41 Cjj 1-3-13 

djliLjaj jj^ l1ju 32! Distillation _ll a_Aac« jA ‘jjailiA ^jVutn Mineral oil a j *o» a! 1 cijj^l jA ^-jj 

HjLuj tj£3 Lo£ l qM1Aj\1 jujixJIj d±j]l lIu^ Tank (J^l^ ^ ^^11 l_±I31Ij cIiUIa!! ^a*J 6 AjjIjaj^ 

. J^aJlj lg_AAl jA — ^131! L_llJ! C5^ — 



CjVja-aJI Cyj <*{ 1 - 1 - 3-13 

. I^-aAI CjIajuj A_i3 jqW'i (jl c > 1 -nj Ajlfl 1 ^-aAIj) AijUajj dl u^l ^JalU 



Dielectric Strength : J>J! SjS (1) 

66 ^ >' A_Jjou11jj ( ^ 2.5 (J^ <— i.td 30 jC* c_fl. til 11 AjjaulU C5^ ^^3^^ 

. ^ 2.5 50 jj^j <— fl.til 



Viscosity aJj^I a^j^ (2) 

. Aii^jjl ciila IaK (Jj^ a'I jl 3J aJac. '£>j±& ( Viscosity ^ cj ujll j535 

Ia£ . (Jj^ a'I djlc.]jaj Aj£^. (jtj *- j fljill hj'6 jj^ V (^1^. j^*-^ jc- ci^jll VI j 
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^gjjLia. jij ^ ^ ^ (_£j£]| cbV 



j)l L_l 2 kJ V (j^l j 4 JjJaa) ^jlaJI JJ (J j^dl c_Jfl (JA Sjj^aJI (j£l] Clul£ IaK ciujll ^ IaK 4_j| 

4 (JIjCIClIU (JjlS — ^ajixA ^A Ia£ — Clujll jlbjj ‘ dll J diia. fijllj j)V 6 ^j!>UI (JA j5£l Cl Jjjll <UjJjoj (jj^J 

(jj^. jjj£j Sctia-Al) A Ajq'l J ^ mm" j S6C ^ ^ d jjbumljdl ^ _J < 2 kjjll( ^jjjUlj j . L_i^J (_^V (jlajxJ li] clcjj JdLj 

• <d ')' xjlLLIx " 37 



: jjqqdl <US ^4) 

^adlji] jL^ij^U (J dl <jlajxJj L_LJI£j]| j)A bjJ IgbV dli j 4 (j^AJ La (J3I Cllj]| jC n\ AjjIaII Ajjodl ^jjSj j)l <- > 
^jAA2k. Cxj AjIaII ^3 1.6 ^jb-Liil jlbA ^g, x ^3) <LbUaJj2l C1 aUu^3|ja]| CLbAa. cSj . Clljll ^Jojuj (_3J^ (JI*Jju^J (Jjldl jlddl 
(Jduudl Sjlj^. 4-2^)C (jV A-Aax 11 SliaJI ^_g 9 Lllat 3 <-** vW J Iaa jjj£j (JSI <Jjudl abb j . <Jj1a 100 Sjlj^. 4_2*jC be. Cblc-Lm 

. ^ 100 <3* JSI uj^ 
Flash Point JUidVI a!& ( 5 ) 

L-l^il AbaJjxJ be. CIaSjaII (JUlLu^U LSl£ jjlbj Cllj]| (j- 0 ^gJaxJ ^A be. ^^dl <j]jdl 4_2kj J ^A (JIjlLaV I ^JaAb C jj^dLol! 

dj . Ajjj^a. (jxbjl lij jjuoUa <. jg \\ 4_baj*j (jjb ^gb^ (J*^dj Cbjll jlab 4 (jistA (jc- SjljaJI Cbclj lij jl 

• ^145 (JC- ^^ILaaII Clujil (JladCoVI (Jflj VI A_ljUaJ^) 4 l djUx^iljdl Clj^^, 

Tan 5 jlclo (6) 

j 4 AiLa. 4_bc. cs^ CH^I (jl <> _gl c ' ^°90 be- ^joataA 0.005 bill Ajj|j (Jld ^_glc.VI bdl (jj^J 

. " jjjfc 62 j j^>A 40 (j£ ^j]>^ c.^jj bej 4 ^a j cdjS 100 j 4 ^a j cdjS 500 aHajS ^ c ' 



Ajc^aII djI^JI ( 7 ) 

c^Vj^aII cbjl ajc.^i]| SjI^JI cbl£ 1 aK^ . ajjIa 6^.Ij ScIaII (Ja <aj!iUI dj|^JI Aja£ 

j 0*58 — 0-4 (jjU 1 §HajS ^jljij Ajc^lll Dj|^J|j . (JIa*jjoj!>U ^ix-al djAjll (jl£ IaK Adle- 



Ajj^)*JI cIjaIIj cii£)j£ilj cIjU^^Ij (jblAa.VI Ajjub (8) 
(JSj (jl i > (Jj*^l C y* (J^ I fc^ijl ^gAj . <ijl*JI cIjaIIj (jjjLadl ^}ja jj! djli cii£)j£Jlj djU^l^lj (J^Ia^VI 

(_^j*Wj b Ia£ 4 Clu^)j£il j (jjjLadlj b^dl (_^a ^)j^al_i*JI (jbxJ Cl ijjll (_£j)*Wj bj . (j^AA ^^gj-aSl cIjaII o^A 

^CJJJ (Jj^k aII CIaUIaj L_lld AILaa!>I_aj Cluj]| (J^X-ClJ j) li <d]c dj!>Ic. 4 (jlalA^VI (jbsu 

c^2kj (jc. ^cib <_g-^ ^jjjjCaVI j . (Sludgo^ a Jx.dl (Jj£ilj (jb I a^VI (jjijSj ^_gi c t iu>m ^1 bjujl£VI (j-ax j (jjSj Ale. 

: ^pVI ^ l&ajj (jiaL^VI 
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a j a ^ a a } — (_£jja]| ^^.^aII 



^Ic, jj^'^tl I Ax-all Jajkxjo ^Jj ULaJ dl 1 a (_£AjJ J (Jj^ a! 1 jjjaJI ^juoa. (J£Ij ^Jj Cllj]| (^j-aLoaVI A^a^j 

. djjIaII ^ jj^a3 ClljAa. JJ Jx-aJ A9 ’jJaa. CAAlja. Jl <_£Ajj Iaa Jja-xJI c_ila j CLiUIa 

(JjIjjlII ^Jc> (Jj£J! aAA LjJjujjpJ <-** ( SludgB ) ( 4_iL«a (Jj£ ) jjj£j (_j-aLaa.VI (_y a*J jjj (_£AjJ ^ 

j Clujil Jj^joII ^3 l_Lujjjj jl j£aJ Lo£ Aj^jliII A jIaC. 0 $. li£ J1L Iaa dil^Lallj (_£AjAaJI <- > ^q11 A A x .all 

. Ajjdll A-AaC- l <u.x>a i - < wlij Iaa ( Ajjjjll L_ajlcj — Ajjll ^)JxjoI ja 



: iiBSlI (9) 

Clljj .LjJJjuJJjll Cllj]| (jj jC. *jfl3 ^ laxj dllA^j 4 AAjj L-lLoia. Jc« AC-LaiJ jll Cllj]| (J^al^a. fJb I j)A AilA^ll ^)JJ3tJ 

*jA 21 (JaIxJ *j|j^Jl (Jilj ^^9 4 A_Ja 15 AJC> 0.88 Jj; Jx-al (JjIxjJ jjj SaL C- djVjj'V a\I 

. f°l jsi % 0.069 aa^AI JaUa 4 *1*11 s*U£ 



A_Jajll Ajjuoj Ala (10) 

jl ) A-Jajll j)A LAla. Cllj]| (jlS IaKj 4 lg_iA (j-alaa]| <- > j* A_)j_LJI dvW j lili ; 4_Jaj J Jc. Cllj]| VI (Jx^aVI 

jl j^AJ %,06 AjjoUJ <L>jlaj]| jL Laic- c A_AlxAI Ajg Jl ^9 (Jx-aSl aAIaxJjoj! jl£ Ia 1£ (JJaJ j)A lAa. A. Lis AjjuA A_j 
j J s-LAI AjjuA Ajj£ V) ^ ^ djlAx-alj-^ll (_y ajj j .<jjlaj i _ 5 lc« (_£j)*Wj V (_^^ll djj^llj AjjILo %50 A Utiij 4_i]jlxJ! ^_y aia^j 

^ij djj)ll 4-jjla^)ll ^)U lS-A 3 ^*^ c ' 0^“ 35 ) 35 (jC. AiAaJI dj£)ll 

.djjjUja.'VI 4 -sLj ^ !>Llxxaaj c^UaI (jia^tlllaj *6^3 CjUIaC. ^ jl ^aUl SAxJ 100 (J)j3 dj£)ll 



: Inhibitors jiljx AiUaj 2-1-3-13 

^ I jjuj ^aUia.VI (J^asu jl AiAaJlj <jjjlaallj Clu^All y-o c_LaA ^^Jc. U> Axj J9 AjI Vj ^ ^jVnll CIjUIac. ^Lj 

c > ^ Vq\\ AUxa^^Loj djj^ll ^lijjlj (Jj^^ll (Jjsljujj £ja 4_^jU1I AlojI£VI (j^>» j (jj£j (j-o A^jUll jl 4 jq nil Asu AjajlLaII 

CllBjil ^)jJ -<4 Sludge A 2xxa]| dIa^JI ^^Ja jl l.^^ll (jj£j jl (jl^aJI jsb -^Ij-^l ^AA ojjJaaJ 1>^J . djlg^Allj 

. djjjll oAxjo£3U ^JIja AildaU Lojlji ^xxaJJ Ia^J 



0^5«4»l (J Radiator Jl 2-3-13 

♦♦ 

<jjajo3 Jal dj£) <la-A (J^IjuJI 4 jar jjln A^JjlaJ dj£jll A^jfj (jl j^-<^ ftjjar x^all (AjV<)^aH ^ 

(J£juJI Ia£ A^iSkjLk c_LiaLjt (J3Lk dj£jll JJ-aj IjLi^lj i ojj^yLi jj-3 (Jj^ a\I aJL^sjI (J3Lk jA 

.(nature circulation) ^an^ll aj>u 1 U Aij^all 6 aa 4 1-13 
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jij ^ ^ a ] — cS^ ^^.^a]| 




^gJt-nlall J£)jall 1 — 13 



C_ij£jj] UjU IaIj (J aIjJJ <A^uJall 4_1 a£ A^Jal ^ Aijjlal) oAA jli <AjV^a]( LJ 

J) C> ^)j£) q^£j Iajj ca^ala^) <Jsl^.!>Lq £-a i 2 — 1 3 J^JoJi ^ Ia£ (Tank J! Cj]jjjjaj 

.daj^jj Asu c£>^ c>ja (J^IaII ^cjjaj Radiator J) &A& (_I>L^. j-gJ JJ ciu^l! ^ja ^jjj t <joiij tank 

^Ij-o 4 sLo] 3-3-13 

gaa aJojojI^j (AI^j2I ^9js c <^Ldl jl Radiator (JLojI Laj ^jjajj bU^I ^Vuni lAjli aj^jjII Ss.li£ saL^I 
oaa <jl a ]q^!>Lq ^-a Forcod circulation &A& c_^*jj aj^jjI! ya ^>j£I A^y^j A^Iaj ^^>2! 

ciixijji Ia] Jaia Jaxj Jj ^!a (jjA (Jasu JJaj V Thormostat <Jajuj(jj Lf^Lojjjl IgilijJ jl 1 $ jU >*n ^jj 

.AiUall jjjSjJ ^-ojS (jc. ClbJai^Ai !ij Ll£jLijjji L_ flfljj aAA^-a A a)^ <L2kjA 




^Ljaj) 2 13 (J^ 1 
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:Al a^U 

(J_Ljaaj ^3 L_LLuall jA I Jaj c 4 ,>%\ Vibration ciJ^jjii&l cijjjl^ Cy* ^I^JI l - Radiator ^L©J ciixjjaj Uj 
^a (JjVi ^^Jlj c Radiator _JIj a L^a!iA ^jc. l^J a u^tj! (JaIj^. (Jac> ^j^aj Radiator Jl GLuJ ^^IjaII ^ 

.(Radiator Jl GLuJ^ ^j\!JI ^-^Jl ^a ~ ^ a a a >>JI ^j|^aSI IaI c Jaias ^>^^11 *jj* >■ ^Jij Aiji^JI ^j|^a!I 



Cooling Classes MjmJI «U -i jt 4-13 

^j]| ^Aj 4 ^aJ 3 VI cljl&x^aljAlls t CIjV^^aII ^3 ClaSSBS .1 ^)JlJI dll^kjjJ L -Lu^ajj] (jJdSJjla cJIjA A-IaIIxJI CllliU^aljAi] lilla 

I^ixa Ljajl ^)J43i j ^ill .IEC Jl CliliL^aljA ^^^3 L_Lij^ajjll ^3 ]jUHj| jj^VIj t. ? *oV^I IaI 6 S.Wm'I ^3 a^JjujJ 

. 4 ^ y Vq\I <j^jjaVI J^J^jall ^ja L^jjJaj ^)J^I 
: 2 — 1 3 (Jj-l^JI Ujuj^ Ajjja L_aj^.l 4 jujI ^a^Jjaij IEC L_Lix^ajj ^3 



I EG c_Lix^ajj : 2 13 (Jj 1 ^ 



Jjsn cijajl 


^1511 


ilGlt cijaJI 


£J^}]| C_fl^JI 


^jjjA^_a]| Jj^JlJI JajOJJ 

(^Lklj^ CjUUl SjJUdliA 


L \\W\W 


^jjja^_a]| Jajuoj 

^g-SkjLkJI -^)fJI ^Uail 


i nVqMl 



Jll«JI 3 j. um cs - ^ 



0 


N 


A 


N 


(> _ 5 lkl^]| .1 ^)JlJI Jajoaj 
( ^) 


^JiJJI L 1 JV’JI 

gr*^ 3 


^^-SkjLiJI Jj^joII Jajuoj 
S-IjA 


gr^jUJI £jj 

(^4° 



( I EG j J_Jj.JI dslsj^aljAi] liila ^£)fJI J)jaj ^ )o»J 3 — 1 3 
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Jij ^ ^ x> J ] — <*— iV j^a £^.^)a]| 



^ IEC ^ 4_i]j^]| dilq t«olj.*aH li2a ^£ ( )Jli]| c-3^ 3 J)j-gj • 3 1 3 cJj*^ 



A U 


>jl! 


* illall J * nU\l ClujlU JjJJJ 


ONAN 


-1 


^-jiud) J ClujlLl JjjJJ 


ONAF 


-2 


^•'^3-IaII £ Ij^JI j ^^3 Aa]I dijjllj Aj^)JJ 


OFAF 


-3 


oUaI) j <2^ja 1) ciujlU «^>fj 


ODWF 


-4 


^ Aild) ) ^^JtAilaH ^j^JU Jj^jj 


AN 


-5 


. ^ AiUJI c!jV^-a11 ^ .1^)1 


AF 


-6 



AjlLjja^ I CljlajL^ajj^l] bLJa djjjll i_s^ SjjaxaII C1jV<)*nx>\\ Jj^jLill J)j-^J is j 4 — 1 3 (Jj^2lj 



4j5LjjaV 1 liila Clujl! ^3 lL^j)~\a\\ jjAJ • 4 1 3 (Jj»l^ 



m\1 Aij^la 


>jii 




OA 


^j2 .1 a j Cllljllj -1^)1 


OA/FA 




OA/FA/FA 


s-LJU Cluj]| j 


OW/A 



Classes J gAhJ gibu 5-13 

(Class OA) ON AN _> Jujcdl 1-5-13 

Ua^jAj Ic-lijj! 4j»jj)o Aij^laJ ^ .^)AaH -lajai^l j ill uj]| c f> n^ 4 ajj» ino'l CL^j~\a\\ £-a ^lAi AA^IaH £>i& 

j Oil O _j a"ua^\\ cIjIaj li]j 4 ^)Iaj Tank J! ^-a ^jaa^luj 4 jjjtL Tank Jl 

jjjuiaj ^ Air ^ A c _ 4 Nature cl ujll (j! j-iJl] N ^ -^aaII 

a£^j ^aLiJ) JJ jJjujJ N ^ 6 -^}Aa 1I Jajuo^ll 



.£j)jA 



V (JI^.'Vl (_}£ ^ (j£J 4 LjJJjlil jl (Jj*\ a\I .}j)jj (jl (j^AJ 
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jij ^ ^ ^ cIjV 



£-A ^gJc-V ^ijjj ) yj*.-V oL^jI (jjdAj ^ £3*^41 s-I^JI ol^j) ^jj£j AJlaJI c>i& ^ AS^ JjJaal All^J 

^ 3 FacG A- 2 ^SI (J-ol^ ^glc« ^tiaiiilj (j^ s-^j Red J! ^Lg) ci )* > .Aj lcj ^j|^aSI Ia& J V4^ aj^jj *( 

- WqA ^!Lq Jojuj^II 



FOA 3 ) OFAF 4aj> 3-5-13 



. £ ) cj^iil ^j!>^ j ciu^l) 



Jj^jjII AJL^ia (JJjiil ^ o±& 



A^Jjoi (_]£jud]| (j>a ^joljVI *>]' L5^ 6 OFAF A ^ j U» ^ 6^-la^ AllsLCaj ^j^<o j ^Lj^xj tillA& (jl 4 1 3 (J^jui]| ^^9 

A K /1-g\I a3&j . A_Lg 1 iio, x jjj V 6 CjIsIaSI (_^l ^glc> UJ^ ^ic-V (_)LujI ^gj (jl (J^<q j Clu^ll U -0 

CjliLall ^c. 6jjj-G (jLojJal SAh^a djl&l^jl ^gi Dir6Ct6d Clu^l) A_i2kjJ Cl 11^. J£jCJ) <j-G (j-GJ^l C5^ ^aJ 

Direction oUjVI ^ ^Sa^ll J] iJuS^l D jp. i \n >»l a ODAF a!i*JI AiL^I ^g^ lilj . l-JSIIj 




ODAF a_La*^]| Aij^lall 4 — 13 (J^jC 



JW>4I dJLAZ^I Jujoll 4-5-13 

J! A_*ja jj*j (Jjijli 5 — 1 3 cJj-a^JIj i> -i^ii!! cjjLuo! c > rating ^ ji£( l^J q^Sj bj£3 Lg£ cJ^j^.a\\ (j^axj 
jjxj Sjcill ^ijjj ON AN ,jj£j ^ 100% ) ajax»V 1 spill j! jLjc.! Jc. cjjjjI! £-* rating 

. (JjA^JI Lg£ l_j jLojVI 
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TABLE Dl — TRANSFORMER COOLING STAGES AND LOADING CAPACITY 


TYPE OF COOLING 


LOADING CAPACITY 


ONAN 


100 PER CENT 


ONAN/ONAF 


100/133 PERCENT 


ONAN/ONAF/ONAF 


100/133/167 PER CENT 


ON AN/ON AF/OFAF 


100/133/167 PER CENT 


ONWF 


125 PER CENT 


OFWF 


167 PER CENT 



<Ukjj CIjjjxj UK LKjjUjjjI l-j^LuoI (j>& (Jidli] ThGOTIOStat ^KL cJj^ ^ Cjj^ (jLi^Vl <J^ 9 ♦ 

: JK 1 ! (JU<J) LK N91TI6 pl 3 t 6 J! <UjUa 1 ) ai& jg )Vi j 4 



: cJ^j^aW ^.1 dsljLij ^ z- SjUJ! U : Jula 

ONAN / OFAF / OFAF cooling class transformer with “45/60/75 MVA Continuous at 65 °C 
Temperature Rise” ? 

!ij Ul 4 45 MVA V ajj^s ul^ (ONAN j ciiU-jJa^ jl ls^ uj^ (Jasu 

^C- (ji Uli CllU-jJa* <Jajoi|^J ( ^}X<J) ) Cj u^l tK^j UaAiUaj! 

c > ^ Two StagGS <1 <j! (_^l 4 A_ijlj 4 _U^g ^ 75 MVA (Jj^aj q\ 4 4_Uj-a 60 MVA 

C > \u/u (jl (jj-^ !>U^alj!U (JaSU (jl t^_Lo (J£ 6.1&J 4 ( 4_U^a (j£ <U^Jjuball L— il ^ 

* 4 JJMjll'l <Ukp 65 (j-G ^}K) SjljaJI 4_2kjJ ^Ujjl 



•5 13 (Jj-^JI £.* li&j 166*6% ^ 75/45 133% 60/45 <jl 
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«MIj wljUftYI 



0^5^! OljLl^J : jmS- ^jIjJI JuaiJI 

<3iloO : jCjS- (ju^oliJI JuaoJl 
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yntlAil uUI hih 



A-Lx^JI aiiA (JjAjojIj . 4j Lukoil A-la^. Jj2kj ^ja A ^ ^ 11 A-jjjj.XLix.ti I ^jUuJalj 4 (Jj^ a]| (J^suujj Jalq*s\\ 

Ja.93 (j-lL^a3 ^ic. (JxiLuaJ ^ Jill l_jLi]I I^A A_ulAI CliilS liA (j^j . Cljjjl_Li^.V 1 ^j-o V] ^ V CilLajla^lIj 4 C1 jLgj1jua]| 

. C!jVj)*\ x>ll AiLlx^a ^jC- ^jjudC- ^jjj-oI^JI 4 xi\l CljjjljLi^l ^jC« ^JjuoC> £jjjll (Jj^aall LaA 
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jij ^ ^ ^ dV^^-a ^gi ^^.^aII 



jj[i^ «ljll J»ill 




IgJ *\\ j <j^aLiJ) d]jliikV) (jli A jddl Add aO. ^ x «aj] ^L^pU) dlA^l^d) jjSjJ ^ dlpJodVI A_iaA) JJ AildVb 

JaC> ^xj jl A x-L<l^j ^su j) Aiaj JIxj ^(jjoj aJjxjujj A-ijldJj (Jj 4 Aj^U^j (J a!1 ^aC- .la.ld (j£aj t a 4 (jjjdl AaaAI 

* aJ a-L1 ‘*1 ^ it < l s~\ 



d ciu^.1 )ij j 1 Standard a-laUS q^£j l. S-h^^a dldaljd li-d ^jj aj V Ia^ao dpliidVl 

.A^ual) A_aJ ^ dplidVI ad djjL^a Vjj 4 d ^ lg_J ^aJJ ^Ii]| AiLpsJ! <jjod ^aJJ lg_jla 



dl 9 j-ajjAll (jAjd Aj^ald A.C-ja'S a Ig * a^S ^aJj 4 Ub^jqTi (j^}d .ll^J ^ da A-Loild dpldkVl ad (jl (jl ax>i\j 

.05V 4 -i Iajj <cj)A^s a\ 1 <dd ciaVj)^ a\I ciil9j^aljA acjxi-s a c ' 4 ANSI Standard lA^dl ^ja ajaIIxJI 



— :A_i]tl]| dllx^a I jaII a .id dplidV b 



1. IEEE C57. 12.90, IEEE Standard Test Code for Liquid-Immersed Distribution, 
Power, and Regulating. 

2. Transformers; and Guide for Short-Circuit Testing of Distribution and Power 
Transformers (ANSI). 



wljUtfl fcljii 2-14 



.Ac.ji 4 in^ jUlkVI dulijj c 4 (jix-A (Jd»A (J^ dpLdVi (j-a aj^J^ Ax.ja^a cilllA (j) ^al^l! 



:dUjn.Vi ale- JJ duajjl! j}aj A_g_2Lj U- 0 dpLjlkVI c <nn«Vi Q £ajj 

(J^xll LojlfiA (JJjLia jLjd (Jd 4 4 )£ja]| Ig NjjA ^ (JUaC-Vl 4 _fll Id. LgIA 4 _gAj A aIVViaII Ajjjd dpldi.VI — 1 

. (J^xll ^ (J£Laa djd. AjIaj C- <di jli A jjmjLII IgjV-dA ^jC- ddaidlj d^, lili 4 !>\ja 
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(jl ^aCj CjlaLall Sj|^. 4-2kjA (jl Aa^j llj 4 Lo A K Jo-cJ l - IJjoi ^jc- CliajJI ^Jjl *\ a\ Jala ^aJJ ClJjl fnJ cAIIA&j — 2 

- ^-v’uhaII C1±jJ> 1] Jikj (J^c> jl djl <\\a\\ A^ajlLa jl/Vsl (J jz £* ^jfL oj lAAixl (J-QJU 



aj uA^ 2 ^ cb^A <A I a] !>l!iAa 4 a m ^ ^ja a^A^J) Aic> ^jj 3 ^* j — 3 

^j>>* J <A11 a (jLojJal J 4 (_gj) Jjl) cA^ cJ^a A^ (_b-*aa IgAc. L ** V (3 f/oi Ja jjjAJ) ^jxt'S (j-o 

. Polarity test J)j 4 Z% test j 4 Ratio test JL* c^LikVI 



cAj c£>^ AiLAaj bA^^ ^ 



. ^ j ^ l ^\\\ cijjjljiki — 1 

cibA^ — 2 

. 4 _A jj jjl) djjjlilk) — 3 
. $.aj cijjjljiki — 4 

^j ^.1 cibA^ — 5 



Design tests OljL^-l 1 - 2-14 

CL^j^aW (J£ (J^Aj 4 ^y^y\ (j-a Jala 4_iiC. l^J^J ClbA^^ aA&J 4 A-iC-jiH ClbA^^b IxAaj! 

cju>nj AS^ 4 ojti^.! A lA ^ 1 dibA^ A^ ^ Jj^aall (JjxtV'i jIjI^ (J^) ClbA^^ oAA (j> ia> i (jV 4 4 VVi^ll 

^A) .d\£L^-a]|j AjAslJI cij]jljLlkVl £-<* a_Aa*JI dsLoaLAI (A-xjjjI (jLuAal Jala ^jb^] A^ 6 ^jj^all ^a 

Short circuit j^q'l J-a^j jLiklj Sj^aJi A^a A ^AjVI J-a*^ jUi^Ij ^.LjajjjaH cA^liikl ^xu^'l dj]jliikl 

. BIL aIjII]) a^. j 



Production Tests OljUi^l 2 - 2-14 

(J!La 2 c AiUnll ^3 6 A_niafl]lj ( TdtiO t©St jLilkl (Ja>a ^_L^a-a]l ^coi-a (J^^a (J£ ^Ic. ^j) 1 _ (. 1 ^ V 1 o^Aj 

:Lbj 1 4 iaj t Name plate ^Ic. ^ , »<' Cjlajl*-al] 4 -a^a CjIjU^VI aiA 

Phase-Displacement test, Iron Loss test, Load Loss test. Impedance test. Open Circuit test, 
Short Circuit test, etc 
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jij ^ ^ ^ <*— jV ^^.^aII 



Routine Tests GIjLsp^I) 3-2-14 



(1) Oil Dielectric test 

(2) Gas in Oil Analysis 

(3) Moisture in Oil 

(4) Megger tests 

j Ja^J) a! ^ Loss _ll j <> aS jU.aH ^iLS j t djlaLJI cIiIajUaj t (Jjj^aH ajjuij ciHjlilk) Ljaj) I^ja j 

. (Ja^ 

. ciHjjjii&VI jlilk|j i jjjIjH j jLlkl Ju Aj^aLk ciHjlili.1 LjaH 



Sequence of Tests GljL^VI cl^p-l ^oy 4-2-14 



( cllljliia.yi 4 j ^aJJ (jl t Sequence Jl L_lijjJI LjaJ dllL^lj-JI tll-lla. JaS 4 jliia-VI <-|^J Jiyla] 5iUjayij 

.lilli ^Ic. JIL> ^ LuSj 



1. Tests before tanking : 

. Preliminary ratio, polarity, and connection of the transformer windings 
. Core insulation tests 

. Ratio and polarity tests of bushing-current transformers 



2. Tests after tanking (final tests) 

. Final ratio, polarity, and phase rotation 
. Insulation capacitance and dissipation factor 
. Insulation resistance 
. Control-wiring tests 
. Lightning- voltage impulse tests 
. Applied- voltage tests 

. Induced-voltage tests and partial-discharge measurements 
. No-load-loss and excitation-current measurements 
. Temperature-rise tests (heat runs) 

. Tests on gauges, accessories, LTCs, etc. 

. Sound-level tests 



3. Tests before shipment 
Dew point of gas 
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. Core-ground megger test 
. Excitation-frequency-response test 



4. Commissioning tests Cil jUa.1 

Ratio, polarity, and phase rotation 

. Capacitance, insulation dissipation factor, and megger tests 
. LTC control settings check 
. Test on transformer oil 
. Excitation-ffequency-response test 
. Space above the oil in the transformer tank. 



C—lljSJI Ijjfc ^9 I ^yajxj ' t t o i V' < " m-. V 1 'j jax J /jl ~ 

: clua. , ‘ laa. a ^ ojj£j 4_ioaVI ‘ 'j*>- ‘ »J'‘ 

(Jydl Co jlLo CljljljxkJ <C. j o — 1 

^ ^ " Jyd (J-'-.’i c.j,,, „ — 2 

tlujll dlljliii.1 -a — 3 

Parameters J ^US kc-y^ -4 



Dielectric Tests JjftJh DiUI uljUfttl 4y*« 3-14 



jl ^ !>1 !ia (jjjll) A (JjIjjlII jl Cl kjll 4 lg_J jlauj Iaj (Jj*\ aII ^3 (JjIjjlSI Ai l£ jA llA (JjlaJlj .Aj^^aII 

4 jj^aJ ^1 ^I«a]| (Jj^jaII jj J jIiajIaIU oAh^a CljliLaiA 4 (J^*JI CljiiLaiA 

flash over Jl SjaU® 



S-UI cJjjjIJIj JajjujJI £j^j| C Ji^a] A ^jn DeQfaClatiOn j-<jll jjjAJ (jlaiaJj IajaC. AjjIj^JJI ClslAsLAi] Ajjlsdlj 
^)jju jL IaIc- 4 AJjl*JI jLJ jjjjJI ^ jj^al <J1 Jj 4 C1sI.Ajla]| <JU ^^Luc-Vl (Jj»-CiJI 

ciaVj)^ a\I (JjudS (jl *i 2 kj Jjj . aII (JjudS L_i*_j^all j-d ^ u^j c* nonlinear ^Jaa. V j^*j ja AJjl*JI 

. A_Jjl*JI 4. q* x>> 1^_1 a %60 



aII iJqKj Jij 4 a\I (J^sd c 4 f> i,Wj jl j^-<^ (-1)*^^ A_mjjj Cli]jlilkl jj^j 

. CljVj)^ a\I C_flLujj£l A^jjoJ (J^a-A A^jjjjJaj 1*1^. A_aIa CljjjljLlk'V I jA AXj)A^N a\I £>Al^.i Ijllj 4 A LiiOl 
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• Insulation Resistance (IR) 

• Polarization Index (PI) 

• Dielectric loss angle ( tan <5 ) 

• Partial discharge tests 

I La& (jjc-jj bird ‘ «' ■ 

• Frequency response analysis 

• Acoustic emission tests (in conjunction with partial discharge tests) 



.Degradation _j L J JjJl 



• ia L_jdujl 1 ** 2) VI o A Jjj-ailaj AjjIjJi ^J_i3 ' 111 ■ uj 



^Degradation Jl $1 JjsJI ^olay Lo 1-3-14 

^ » \ \ h j£J 4 a ajIJ Ji^k ^ Ia&j ^ I&jac. spa ^ degradation j ^ 

(Jj*JI . (Jj*JI qa 6 j£j-o c ?> i,kj jl jl ^ijA degradation Jl (Jj*_a jjj (jl 

.short circuits j^\ cjIJ jA (j^^JI 

l-jjjojj J J>JI J Cracks taj jl j£*j ( cjlijjA l$K) Degradations J ^liJI J J>JI i 

ionization l^J (JjlxJI Joja Jc. ^ I (ci jJI (J^a aJ^jJI (Jjlj^JI ^Jl (j>>» \ A_JaJ 

.Bushings. _JI jA LjJjjojjaII jLj]| aJI^* Ia£ ^jjaikiA a_ajUa aJ ^Laa aj,^ a Jl*JI Jl (Jjlsj 

j)A (Jj^tJ ciiajl £a jjJajj 4 ^ * \\) Iaa (Jal (Jj*JI A- 2 kj^ (Jj*Jl Degradation Jj (_£jjj jl j^AJ cJ^ 

. Jjxll J£ jU^jI Jl 4 Partial Breakdown J> jLJ 



:Degradation J^sdl yU 2-3-14 

jjJLA (Ja^J ( Jc. <AA jAA a^Ic. JjljaJU 4 over voltages ^sJI ^4 4ia.li4 cjlc-lijjVI -1 
.cracks djjiJ stress JjUJI pl^J ^ v in,m ejlc.lsujVI 

— (JjUu jliaJI aSjjSi ~ ' t-> ■ j >~ jjl£ ~ Aj£_ijl£_iA]l l ~~ il n l t _ iWi.Ti j£Loj ; aII — 2 

Aj^l ^ ((J(^VI ^i) Ua^Xo (23*11 L>^ u A lalaj ^ to jJa ^3 
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^ ^ j (_£jjJI <J £>.^JI 



d^j]^ 1! ClJjlj!i&VI (jl (Jj ^LoJj^a A AjfLijl£.i/JI dlljlg_a.VI ai& (jj£j (jl ojjjjJallj (jjjJj • cilli .lau jj laJJ 

^^jjj JjxJI Jc* Cj iljlg^VI (j-G lojj 4 - IJjaLj liSli J£ Sjj£LJ] jjSjJI jjkllj juailj t vibration 

.Degradation djja=J ajI^II 



jl dlLila£jj UJjAaJ oAlxil ■ “ o-jjIj jl S^lxJI (jj3 ojU. L-fijjja Jxutlli Cjbl^Vl -3 

(jfLft J fiJjJI (J)j (J^SLAJ (_£) (JjXJUdJ ^JC- 4 CT3CkS <Jjj.la. Jj (jj^ JlXJ (jl (j£-$J (Jj*Jl CliljjAxiJ 



. jJluJI (jlxS ) j ^llJI (Jaal 



S-lx-JI (j£j ^J Lo fiJ& CljjJl^. J cil]j 



y u' 



bile Jp^JI jl£ lil UlujV J Bushings Jl Jjlj^ J& saJu Jjj jAj : djlll -4 

.^lLJI A_Jc> < c ** ^ ^^_J| 



Insulation Resistance Test (IR): JjVl JjftJI jLritl 4-14 

J-ojlLJI (Jjjjsj aj£J A_iiilaj (J^juj JjiikVIj 4 megger Jl jlg_a> aJojujJ ^jj ajV 4 M 6 gg 6 r Test -JL LjojI ^g-xu.ujj 
(j^ai^IxJI ^-^Jl dslAx-o Jc- 1000 V Iajjj 500 V Jl^aJ (Jj^aJ DO Volt £jJaj 4 f> n*\ 4 Ja £2 A nar II A <\W\a 
A_*j tLJI (jj^J ^-JalUj ( jlg-aJI jja (jjj A_*j tLJI (JjjL£] JlsJI >'l sl^*-o J 5000 V — 2500 V Jlj^J 

.S.lJ.laJ! CLS^j^aW 500 M C2 J] A a^W (Jj^ajj . K O Jl (jc« (Jslj V (Jl^a^l (J£ J (j£J MO Jl (_^3 A_x9jlxJI 

(jl 4 aUSII A_Jjl*JI aJU. (j C- jjAx^aJ ^}i*j V A xjl IJlj 4 (JjjUaII ( ^Hlaaj (jjj (Jj*JI aJI-^ AjujILJI A_xuJIj 

Aixuaj c-j^ouJI jJJI J\ Leakage current (JjjLia IJlj 4 A£yL^. (JJ'jJj (JjlsJI ^Jajoi (_£j_a. (j-d LjJJjuJJJ (jl (j^j jLJI 

.(Jjl*JI a^ojILo (_>jLa 



4 LjJjjoull Clj]jljaui (_^l ^2 lj (jLuJal djjUI ^^Vutij (IR) ClJjLikV! (j-0 ^>^1 I^Aj 

phase ^! (j^j jl 4 phase j phase (j^j jl 4 (_^>^l (j^ (Jj*J! j a^^ (j-o (Jj^aj-JI (jjj a^ojILJI (JjjUj c :> 

L_ala (jjj A^jllJI L-iaji (jjjtajj .Oracks cJLa (j£j Lo Ia^. a_JIc. djLojtLJI (J£ (jj£j (jl (j^ajiLJI j 4 (_>^jVIj 

. ^jiaiklJI Jl^aJI 4. <i\a j ^Jlxll Jl^_aJl 



AJa^j 4. <ij» x>> Aj£j (jl£ 4 Jj (Jj*JI (jV 4 4_fll£ (Jjj\jHI ^ (j^ai^LJI ^-aJI ^I.^Vn J (jl Jaa.'V 

Jl IJa Jg laJ aJ^joiJ djxu£jjoi 3 J1*JI >11 L»l 4_Li*jJall (JjsJI li& ^jWuj>n (jla .^.a. L*jJaj lilfl 4 [a 

(5000 V — a_ is (j^ Lujoij Ajtijj-JI >11 (j-a ^^1 (jls IxnLn (Jj*JI (j^ ^4 .^ol-aJ! (Jj*JI (_^ Oracks 

A_xiAajjmxJI A_iJji]| (jj^J (jl 4 > t>j Sj^ll CJ^j“\a\ AjjolJIj j . ^a^a ^jjc- I (j a ^Jl IJa j nar j ^aJ (j-<»j 1000 V) 

.CJ^ 10000 Jl 1000 u^U 
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jij ^ ^ ^ CuV 



jL^-VI J^fr 0151 ^ 1-4-14 



. A ■ lajjtjj (_jj]— - a 3I ^jc- jliill (J ■ dfl C— i^J 1 

jlg_a. ^Ia^JjujI jl L^aC. A tillij t (J j«v *W c. (jj£j Luj 4ufLutlaj) Cllllajuj c > I'NJ — 2 

. djUauill ^^£jjLq jJ j) £_^)£u ^ jj -0 I R- (j^LS 

. 1 1 4 ^iajjlj (jj-^ (j-o ^ short HV_Jlj LV ^jjj <LajliL2l (JjjIus ^jj — 3 




Insulation Resistance J! jUik! $jjL : 1-14 



(_L^ajj 4 LV (_^ajjlj (j£i 6 ^jLoJI (JLg short LV ^jjjj HV 4_^jtL2l (j^Ls — 4 

.Grounded LV JL yJ)!\ cjjkli J^jj Uiu Shorten HV JL Megger J1 l_l^I 



.LV ,> HV (jlaJjlj (JjoSJ -Ic*! — 5 

<L>UU,I & 09 ULU iaJj ^Js- CojJ) ^ 5^3 jroU 2-4-14 

ciuj]| ciuj c>slj ^9 1 £ \a (Jal <LajtL2l uj^ Tank _JL ciuj ^ HV t LV culiLo <LajtLa]| (j^LS Xic- 

.<LajtL2l (Jala ^jaj c. ^ 4uI£ (J>uu 
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io>ULU iojULtl ^Lo^B ^Js* Sjlj^Jl jrol3 3-4-14 

(Jjjj (J^xJI ^jlL^a 4 ojj^JI L . Ul,<v <LojtL2l <Lgj 3 x «aJ c _ ia>J I2j 6 (J^xJI £-a Ajjuo^C- 4iDtc. IgJ 

1MO lg_jli 20 -liC- 2MO (_£^LoJJ 4^Ul 2I ^LojlLJl Clul^ j\$ 4 4_JjXO djL^kjJ 10 6J«Ji ^lijjl L <ii>rO *lll 

.djLskjj 10 4 Mf 2 LolLoj LjoJ is&j 6 30 

Polarization Index £*>124)1 £<»3Ua4>l io-3 Js- j-ojJI jrub 4-4-14 

b . Lai AjuJa^J (Jjlij ^aJ 4 1 min o.ia] J)l^-^JI 4_ajliLa]l ^ulaj 12 Ul 9 I lllj 4 4jwjliLa]l ^—ic- ^jjjlj 1-Lajl 4_1 ^aj) 

R 10 4 iul£ UKa J>ll 5-ajlia] ^ ill 4 _iUaJ] ^LLa ji i*j IjiAj polarization index <^1 J*Ua i =4 4 10 min 

. (jjJaS) <21 j (j^ I2£ Rj 



Dissipation factor / Dielectric loss angle :^U Jjall jLiil 5-14 

21 jj 4 (J^xJI 4JU2I 2a (_^AaS SjLaij ^Jaxj 4j| j)\ n^V 1 12 4 _ia&Ij 4 \,3XlS 21 ^)Lil^l_J LjaJ 

(j-iaLk]! (Power Factor^ J! j& 4 jj|)1I £>2 Cos <jl J* n^j . (J^*JI Lk jl2l jU2!j >'l (Jjj lT^-^- 

Ljajl ^A.Lkii C' u*\ 4 4*2^11 4_lojoj 2I dje -2 2 (j-oj 6 ( L03Cl 2L (j-iaL2l PF JI ^jC. LoLoj l <a V^i ^ Xk £_J2L j (JjlsJlj 

power factor test _i 



(_£ I Jaas Capacitance ideal capacitor ^2221 . (Jjj^aliJI J 4 JakJI &2j 

Dissipation 21j . 2 — 14 (J£j 2 I ^a L2 C 21 c>^ ^IjJI uj^ R * 2 jl 2 <2U^a ^qjq^JI l_^£- 2 I L2 4 4 -ojtLo 

. c v^^ll ^LojtLJI (jjj ajjuoJI Factor 



C 



reaf 




^■ideai ^ 

HHWV 



1 tt<«l ^aHJI SjjWI : 2-14 JLS 



6 3 — 14 (J^juJI ^ 4 § l^J <La£-2l Ajj|)]| jla 4 0 (JjlsJI d>L^. jU2lj y\\ ciulS lila 

. I^J ^auail ^p^l cJUA (jl£ UA ^ COS 0 ^43 (j- 0 ^2x3 CJjjaj tan^ ^43j • l^> 6JJJT kS-> ^2a]lj 



229 



http://www.sayedsaad.com/montada/showthread.php?t=71630 



Jij ^ ^ x> — Uj^KSI 




S IgJ AUfUSI ajjI) 3 I j i 0 (JjUSI J>U. jUSIj ^ Ajjj)^ • 3 — 14 (J^juj 



jjj ul^ £j\Juj 4 power factor J) U^j ^jUj Dissipation factor. J! t$jL tanc) A-UiSI ^j*jj 

A xu3 ^jj£jjuo 3 ^lK A_i3 ^Jjuj ^jJaj 1^] (jU ^ JL-£a ^ U -0 c^l UK 2 _UJLj 4 0.08 - 0 

.aJU tan <5 

6 J^*J| jUSI jUSIj ^ (jju Ajjbll jl^-aJl Uu^. 4 jliUVl IU (Jac. aUK ^jjajj 4 — 14 (J^juJIj 

(_^I>^jVI dsliU ^jjj (J^xJI U& (J^slIIj 



Test vcltage 




tan£ -SI jliU-U (J-ac- a jqj^ i 4 — 14 lKjuj 
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Short j^=a SjjL £jJaj ^aJJ <-** A_JjlxJI <LajliLa i^a^A $.|jJ *LJI (jC* <— 
Earth ^jjaj\ E _JI aJU (j^ <LajlLa]| 



all^j V ^a^JI IJ& e-j^J *LJI (jl (Jj^ Cft A Jj 
^jjoIjSj (j^q^'Jlj ^^JUI j) JJI dijjjS ^jl c. 



HV - LVE 
LV - HVE 
HV- LV 



^ Capacitance Jl ^ ^La cJlb* jjJ 



. Jj^ xJI Ajljojj 



. ajjJ 20 Sjj^ (_5-3 %0,5 a-^Jj-JI tan£ a^j j 
Jjli Jl *^j*^ ^ I uj^j 6 tan S (_>jLa ^ic. dia^ll (jjoij 



Partial Discharge : ^Ul JjiJI jLAI 6-14 



^-l^jl jj-a t*vwj jjl jjfLaj Clii^ c diV^aJI (Jjl^JI 4 iJJ ajj^J ^ jlilJVI li& 

aJj^vJ A_ial£ (jj£j <j! jLoj ^^^U-JI ^^Jl (JS> Jl A-ajaj 6 (JjUl s-jjJ u -0 c£^ L5^ Partial Discharge, PDJI 

. J*l£ jL$jI J] PD ^ 

^^iJI ciujSI Aiic. <jV AiU^I c_i*j^al( <j-a li&j i ciujSI Ja.b 4 _jU (jj^Ljj^iA ^cHiia ciiT^lj c : 'iwj <jl LjoJ <j£-aj PD Jlj 
cavity jl aJjUI (JjljJI AjjJoj PD SI 4 _jIiJ ^aIj • ^jjJI IJ& a_i 3 (jJ jjl£-a jj-a q^£j Iajj 

.!Jj-a fault <Jj ij-la. A'sjn ( Ajj^a L_uljjal Jj^Lj jl 4 AjJJI (JjljJI ^JhAl L-SjJC- 4 ^jVl (J}*-!! 

^j£j dlUa^JI ^3 ^jjaxjLuo ^)JC- Ulc. LaAj Ajjjj-aSI AJj^UI j A-i^JI AJj^UI I PD (_gjj.uua (JjjLJ (jjJSJ^la cJL&j 

.Sjjj^aSI ^aLajS C5^ La^jJa^C-l 



PD 4-oj^JI dibjiaJI 1-6-14 

c jutnSI cIjI^j oj^iSI oiA (jlj 4 ^lijSI jl cjjjc. a ^ ni Bushings _ll ^ ajjIja Sja^ lijJ ^jl (j^aj 
^ PD. Jl Ljj ^ ^Ja^JI ^aJI ^y>j Ljli PD _!! IJa 4 partial discharge 

<- aja ^ ^UjjVI (J^Lk ^j-a tilSJ 4 . ^/tn^nn ^.iSaSljj 4 Inception Voltage ajIaJI ^ j ciJ^iSI ^-aja ( ^ 5 -ajajjj 4 cijj^JI 
4JL1& JM1 ^) jal ^ ja3 >SI ^j-a A x>jqSI Si£> AjV 5 — 14 (J^juJI LjJJjolIaSI jL^SI 

^ lAlj IaAxj 4 jLiJI A^ajS (^)Jj£JI lifc 4 > iu*ij A-JLa^VI 4-ajS JflJ ^aJ (j-aj 6j^iSI <j)j2 c^l bhdge 

.Extinction V 4 _^jjSI ,^ 0 t aLUI PD Jl ^jjj ^Jl 
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(jl ^ \* ) lA\\ (Jj^ ^ ^ ‘u > ) 1^-3 (Jj» xVnll ^ (Jsl Extinction V _ll *Lojs ci±jl^ lij (jVl 
Jc. ClA9j£>a ^jJaj \±A laa.'V - (JjjJ Jjakj-aH PD (jli (Jjxjou]) ^gic^l Clul£ lij La! . IAj! L_flSjJJ (jl PD. _1! 

.PD _1) A la. AW ajliik) l£j[& 



^ L>* \\ til]j (J £ ^ l ^jAaj IglLuSj 4 Pulsss. -11 J£^ LLlq^ j)\ yA.^ 1 |La (j-a ^ djLd^lx-all ^jli 

.PD _JI ojjjaaJ l /maj 




PD ^jjjU^i] < 9 jjla]| ^cjtlj I 5 — 14 (J^joi 

PD dibjiaJI 2-6-14 

^Jaui Je (j^LoSf^ ^3 sensors ^ ■ /aj (j£l ^ C_flj)^)]al) ^3 ‘Co 3 ~a_il ^ (_JIaj j ^ a]' ^ a]' (jb Aiaj^jall o 3 A 

^ Electric analyzer Jl=^ cjIjU) sensors _!l si* lU_Aj ‘ la-iic. PD djj-is. AiUb ^i]| J^l 

_ll aj3 ^ ■ ^ 3 j (J£ o3jl^]l a ajj^ a]' cijljjjpi] noise 11 filters 3 axj V^l ^ s^j^all ^3 La£. jpjjx .^^11 

. PDJ J&* 3 j 3 ^j 1 sensor 
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^ ^ ^ (_£pa]| 




CojJb g^LU i3ji^l Jj^ 63 S i^bs (J jl^yi ^IJlpsIwI 3-6-14 

jlg-jj V Spa (J£ Cjjppk'Vlj Ajji AjuIUg (j-o 6 £-<* AjJjlc. ^ l q* X>>1 (Pa^xJJ (JpJ) Jjjjpl 

PD J! jlpklj 4 CIjUj^J Spill ^ b*'\ iLpa Clilil^. <jjjpl l 5^ jjlA. Ut1 " CljUj^a. c — ‘ (j -oj .Slafl 

Jj^a. QpL .^paJI (Jp-1! 5Jla. 4j-<utll £-a ^j-sa^ljjj 4 A^.!p! [jJ^JI C5^ dllql^ll £>i& -Sajupla (JjjJSJ 

.-Ua 200 Jlja cUp jU^VI ^ U 1400-1000 
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jij ^ ^ x> J — Uj^SJI (_£j£]| ^£ ^a-^JI 



ttteil ijtftll Jjlall Jam MljUftl : uljbitf I Jt UUI fejAtail 7-14 



6 1 iJI IgJ (^yajx . JJ jl jSAJ ^^li]| ^ ^ A^U (JjUl (^A^j j-G JU ^A l ** ^ 1 j-Q AjC^ll fijlA j-d L-SJl^JI 

. US A^juj £AjJI .^-Jl A Ia^j jjSjjaj £_2 JL>j . ^ijjJI Jl jl ^£^UI ^-aJl Jjjoj 



Applied Test. ^alsJI jU^I 1-7-14 

jjikjJ 3i jsj Sial Winding J£ ^ 4 2V L <_$! 4 Line Voltage Jl 4 _i*^= Ujjai ^jLu ^jaj jlui-Vl li* ^ 
^ic. (Jj^ 41 4 3 — phases 21 j^a lij AjU IjUc- ^Jajjoj ^i]| ^ Jl I.I 3 J Phase JS Jaaj 

Jl doubling Jj^iJ U* Phases Jl ^ Phase/Ground Fault ^ J .JJa Two-Phases 

. Transient Reflection 

aUjIJI aajII^ ^ JUI ja US **1^1 Jj jl jS/yj 4 withstand voltage test UaJ jlu^VI Ua c ^auoj j 



. AjjJ^jJI ^a_JI a UjujI^j 

28 AjU ULaij cJjS ^liS 1 1 c_aU c_aUI aJjS ^jl,SU I JJjuoJI *^-JI ^)I.SU jl ^_gij *jUVI j.lj j 

4 cJjS jLS 140 a_Jc. liUnq cJj3 jLS 132 <> aU Ul . cJja jLS 70 aJc. JaLuj cJja jLS 33 Jl <■ <U j <. cJja jLS 

.JJa cJj3 jLS 50 aJc. JaLoij cJj3 jLS 400 -II <■ <U j 



US ^Ui^VI > j!*^U jjSj JJj 4 graded insulation — ^j.iU (Jjc. U^_ia cJja 400 j 132 jl 

. L_flU 4 j\jCi\' L <i» J.>> (jJj 6 LjSj 
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Induced Voltage fl jL^l 2-7-14 

.turn-to-turn Jj ^ jfril open dA> jl ^ ^ ^ aJUJI *3a ^ 

^jj <S Lid UjIa High Excitation. J! ^n »n jLikVI *Lfi! yfttt saturation v! d*^ 

— 5000 (J-^dj Iaj IjjaLjA ^ 7^ ^aAjujJj c <i» >/i ^ ^ ^ t 100 Hz L-illxJI ^ t d -0 

.(^Q 100 Jlj^) ^ 

^ JjJ )3&j t A_1 j1j^£J) Aj.1xj]) Ja^ia^. Jl^.1 ^JaS J] (jJajxJJ (JaxJ) Aid. (Jj^aII d> J] jlidVI (3& A_ia&I 

jl£ 13! jajG A_Jd aj3j 3 djli A_Jd ajjIjs cidjA jj^la l_ux ^ Iaa resonant effect s^Ua dj j^. Jl 

. ydV 1 13& a_iaaI cij£.d L& 6 (J^x-IL ( *>» > tiIL& 

£> 3>b dhHj k Q d\l Cljlida d^ (Jjxll d^r4 dl!^ 1.1^. JliAa Aj£l (J^^-aII (Jj|j£> C5^ ^^dll dldaj^qll d^ all 13 Aj 

j3 JlxJl Cliljll A-LjujI^j l iidj£j Jllj t CljdJall dlj d^ AjjIj^J! djlj^all L_aldj£) J>d d* Clidiallj Clidlall 

Jl Lga — (JjljJtlL c**iKj d] — djlj^l! cilL Jc- fiAdj CJjjJaj A-illxJI Aj3j 31I d^ ^ t Aa, Wutn (_^HI A_illxJ! Aj3j 31I 
Jjad! ^Jxi ^dl! c>3& Jj t (j^a^al) J Jd djj^i^. J] ajjIj^SI djlj'sqll <adiA spark dj.ia. 

. (j^adl J-nJ C5^ (JdS 

Impulse Voltage Jl jLi£-l 3-7-14 

dJa! 1 . 1 a. Jd ( 3 fdj d n^w impulse _ll jld^l j& A_ald-All ^>11 Aic. (J}*-!! L 3 fdj u?^ dJdl jLjlkVI 

. A^jdl) ^ jl djU^A ^ 3 ! t* j( ^ja (. > lutii j( !^ja c juaij high transient djjd^. 61 £ 1 ^a 1 *d^j 

Ja.b ^ ( Basic Impulse Insulation level ) ( BIL ) J> ^Ul ^.^Vuaj jUikVI 

^daA d -0 ^)dx^aA jl — d^ — A 'sjn d-^-dAll (Ja V i (> _ 5 lc. 

. LS^ djljl aC« j d-^-dAll 

<aU CjUa^^La 

dc- A_^jlj Impulse A_2 lja] A_jJa^)*j (Jdj^l dl^ L>° dj!^ljl£j bd^ajA (Jj^\ aII d^ 13] • 

d-a bjS$ l^J dLydl£il q\ Ia£ Aj^SAa dj^ dj!yljl£JI d^ l^dj Id^. ^/n>! dj^ (JaI^C- jl Aic-U^a 

. Impulse A_lx3^]| A_2k^A oJld L_aUuJalj (d^J^ ^ d Adij^JI Jajla^JI 

. <jjU^a\I (Jj"\ a\I *^)*^ (jiaikj ^ajojJ djl (_g^x-£ V (Jj^ a\I AjIa^J ^C-ljA^a AjuIa ^Idadoal • 

ajuIa ^jjajj d' ^ ( Traveling Waves ^ JaaJI ^-d]j a-^ja (J£d s^tc- ^_ 3 c.ljA^a]| • 

. (Jj*\ a\I d^ d^ d 4^)^^ UJ^ C** ^C-ljj^all 
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) 4<innll jjji Transient ( ^9 ^)jlc- ^'lijjl ^ij iS^J ^ ‘ j (J ■ «a^]' t " il iLr. j ^ 1 --~»3 • 

(> jii£j ^1 jjji IgJ (jjiSja ajj=JI JJj*JI j (jjelj^l (jc. 4ij;U]| s^Uj LI t ( Natural frequency 

. A^JjoJI 

cjL ^ cjUjS-a ^L LjliLli SjjL jj£i cLi^LI ^ ( surge Impedance ) LLJI SijLLI • 
^ BIL j cl J cIjV^aH J l^jc. cJ^j^.a\\ a\\^. J Ja! 

. ciu)h J cJ^j^.a\\ J \^1a Ja! aA\J\ cijV^aUSI 



. jj-gJ j j) vW J V i.U (Ja\ ClilijL-£alj>ill Jjalj-Q JjfLuJI (jj£j (jl ^ U^J 



Jc. ^ juj ^jj 4s~ja-\a ^ja ojUc. s^U (jj^j Surge Generator ^ja aJc. JUJ) ^ .^11 U&j 

^aJl Jc <j^a^ jlg-aJl ^ JJ lOW VOltSge jAj^zia q, a Rp J>Li. gjjijjll 




.6-14 J US ^jSII J>JI jU) R s J! Jlk 




R s = Series Waveshaping Resistors 
R p = Parallel Waveshaping Resistors 
Rc = DC Charging Resistors 
C g = Generator Stage Capacitors 
evading = Loading Capacitor 



Surge Generator J! J£^ : 6-14 
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j j a ^ a j (_£jja]| cIjV^^ £^.^>a]| 



Lightening Impulse j& JjVl : (jjjUl^J L& IjjJ 4_j| <- ? * ij'v 4 jlilk'VI L_flSjJJ <2*^11 D^J ^gjujL^H (J£joJIj 

.7-14 l£AJ> ^ j^-Lj <S Simulation Ja*J ^ UvVu ^l <^A\j Test 




Lightening Impulse Test ^ Sjliyi J£A 7-14 



50 psec ^11^. ^ ^ 6 1*2 psec ^su a vwj peek ( ^ 5 j^aaVl ?3I <jli (J^ ^Sl ^jjalj Ia£j 

^ 2 ^)]) c > (J^*U (JJAaII ^Sl l q» x> i 30-5 ^ uj^j 6 (_£jjjoui ^c. .peek SI 4 _aj 3 cJtajjjj 

. 1^ jSc. jliAVI e-j^J <■ j>j ^^l 4 aj 41 4i^*-Al (J^-aSI ^^StA] 



Switching A>j^ JAajS 8-14 J^AJ' ^ as ^ 1 \ A 4 Switching Impulse Test ^^1 jlAkVI U 
(jjJI jjjL ^j£S! ^ l qhvi IgAJj 4 <LLuJI 4 j2lj^JI (jc. J£AJ! ^ ^^LJa l A’tV’t High Voltege 

. Switches J! jlcj jjfc &. (jA^Vl) 
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Switching Impulse Test ^ < ^Vn ««\l tjlty I : 8-14 



. ^ ^ L_Lud^ J)\ n-vNf 1 ^ ^ 4^<uB AjJL^O 4_Lo ddifLoJj IEC _JI l*‘ 
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a -i.l — Cj Vja-O 



Table 2 - Rated withstand voltages for transformer windings with 
highest voltage for equipment U m < 170 kV - 
Series I based on European practice 
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jij ^ ^ ^ ciiV 



Jjftal Mj wljUftl : SO fcjtfj I 8-14 



^gUll Aj^aLaJI I^jjILojIj l^Jajjjuj IgJ c djjjly^Vlj Ax^ala. Ac<jAa*A A] j)£J 6 (Jj^ a]| ^9 Aa.^VhhaII (JjljxJI -la. I Cl ujll 

. AjjlxJI (JjljxJI £jC> i qV'iVi 



4JUsJI Jl 3-1 iibjls 1-8-14 

jjljixji Ajjjtll ikl i_Jjlu:i UaiJI ^j'i t AAaAVI ^ AjIc. ** Wa'i\l oAiisj c (J_ja_a]| (jx AjjC. ikL Cjjjll Cllljlilkl ^ ; -■ ^ Iajj 

^j-aLk djV^a. aII £_1a2^j . cilli ^XJ JliAJ^ll Ja*_a]| J Cl ijl (Jjlaj (j-Q Iff (Jj^a^Jjuj Ji]| Jc> Lda. 

. Sjjj^all J Ia£ ClJI CljlllC. ikV 




Transformer 
Valve Plug 



Syringe 
Auxiliary Sampling Valve 




(Jja ^Jaju9 -la.lj j)A Jc-I Ajc^j Asl^ lg-1 J^l JjljjaJli c (Jja-xaiU .^ 2 lja]| (JjLoJI ( Jc« ^ \)* H *^1 (j\£a L_a3jJJj 
Ailj£ J 3 I jiLloj IgCli ciujlL jliiA dLa ^-jalia ci±jl£ jl aiV Jj^aII 4 _a 3 <ja IgVnc. ikjl <jl c > Askar 6 ls Jl 
^IaII (Jsl jli mineral oil ^yo» a\I ciijJI IaI <. A_Axall (JlLaJI a jjaa> (J!1 aj] Jc-I Cj* ^ II »i^li lilj <. aja 

. (Jj^ a\I (JLojI j)A A nar II l^j — s-IaII j)l — s-IaJI Jjj 

OjjJ) djJj \s* j\jj&\ (Jio^ J JS* oU^Lc^I 2-8-14 



AjjI^a djlc-lia cJjj ^11 <9£)laj l^ia. cijl Alps • 
djjjA Clijij jl cIjVj^aII Clujj c <a )o \) ^aa^all • 

j£jaJU C_j£juJI LgJ^-1 (jl <» J>X9 6 AjA j3 j)A ^A 20 (_^jljaIA Jl Ifij J ^—Jl c ^ “Q • 

C^VLCi^l ^gj^jljj A 9 j 3^ 1 5 — 1 0 oAa! (j^i^q'l jl^. Jc. . 5 ajI^A Cljlc-lis jj! 

.AjjI^A djlc-lis 
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£la] ^jlLaB AjtJn£j q\I £. Ic. j c a ^L»V' £_L<aJj 4 £jL^aVI-J jl ^J-iB dlJ^ll ^uxl IjL l*_L<a £_Lqj 

. ^Ic^ll I^jlA^Ijj Clj|^JJUai JajLuo i*‘ ^1 ^«vl 



Oil Dielectric Strength Test Cojll 4-JjLc- jU^I 3-8-14 

(jjj JlUtj'i I i_Jj£ ^B £jJajjj Clujll 4_jjc. j^jjB c Aj] 1*JI ‘'j* 1] djjjll (J *'■*“' ojJB aa Aj jljik'i I IbA ^B 

^^3 du^ll A^j^. .IxJj c 9 1 4 J< ii ‘ H ^3 L<a^ LjaJ ) AjjojL} 3 AiLaua 1^_1 ij ^j^^qII 

4 jIlqj] jl^. J>L^. (j-Q ^Lall A ^ 4 A_ijlj/c_S. til 5 — 2 ^-aJl (jjjj^ll ^c. J^laj t 

jLuj . (J^xll jU^-jl > (J^ * ‘\lj c lijlilj A-aj^^ll S^jUI Jj^aSJ t Cl U^ll (Jjc. jL^I C5^ ^ £-9j ^)duiJj 

S^lc-J ^L_llj£l 6^*J ^i£j A ilX 4 m \1 ^jjofij (j-G CllJ^]| (j-G (JJJ^.1 A_1 a£ £-jCajJ .IsU 'bJA Jj£l ^jLj^Vl 

( AjoiliAll fjjsl I A-LjujjIaI) A a^W L- U*iV^ ^klj 10 Jj 5 (J4J Lq A-lloj Cll]jj3 Cj|j>a 5 jlfi^V! ^aJJ 

^ 2.5/ l_s. tiJ 30 (j-a (JSI l_s. dJ 11 AjjouIIj jliii.'VI C5^ AJjUJI Ajj3 ^)juo£j li] A \ > jyjA A^mll UJ^J 
2*5 /c_ a. til 50 (j-<4 (JSI -lie* AJjlxJI Ajj3 jjuj£j !i] A_ijJa^G A^ml) UJ^ c_fl. tiJ 66 ^ AjjouIUj 

vj ^ J ^. 5 L> ia ^ ci-^xJ ijAic. A^.1^. (j^aLo^J j) Cll£)Uj Aj^laj j) L_u)jjuj C>2 lj ^Ic. (J2c )^3 tilli ClLJaikj) lij Lai 

. C cK. 




Clu^ll AJjlc. jl^. • 9 — 1 4 (J^Cu 
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jij ^ ^ — Aaj^^AI jail dV^^-a £^.^>a]| 



Dissolved Gas Analysis Co jJI JCbo 4-8-14 

Aa£a CJjojUa j& j 4 DGA JL jl dl^xJj (J *\\ aAI^. Jj.ld yA j^AJ jll (J 2 ld]| >&) j)A -l^Jj 

jA !>liiA j£ Aja t I aAU. Jc <jcjli* I&jjjIj Id y& I ^all (j >>» j i Laid aj£] j ciijll A_Jjlc aAI^* 

dij^ ji hot spot ji 4 bad contact ^y^-j Aaji^. ji t aaic jA Ajldli <jjjoi cij.ia. Ajj^ aj^xa JjlaaH li& 

. Iajac (Jj)*\ a\\ b^y^. (jjo£jtj ci Ljll si^^a . JI... d^L^aj^l yA sijj ijja. ci ij^. jl 4 Partial Discharge 



ojIjC' 4_ia ^ w’no^\l 4 ^Uall j a A * u«^a 1I dldAI dli dV<)*\ a\\ ^Ac jSjA cjIj£AI jA fj^ ^ lc& ^a ll& CluCaAlj 

.(Hydro-carbon Mineral Oil ) ^»nU i dJL d<Jaa j 4 ^j-^a <A^ ij j! 4 jJjjluJI jjjj y& 



lAW^j 4 A_illc <jj*. dla^J CJ^j^aW CllliLo (Jjc (*dad lijj 4 ’jjxJA (JIa^Ij clijja did (Jaxj dVj)^ a\I (j! ^Jxa]| j)Aj 
j)A d jlc Lajj JlllLj Aa jJtdaAll jj^l L&* 6 Aji^all A_SjlxH ll jaII (J£1j J L-Ux C jj A_ij^£ j Ajj|^ dlllgdV £dad Ja 

- jLiA-j£ (JjI^J (Ja*J IgCC L_Luo£AI j^AJj 6 (Jj^-aH Cl uj J djUAI C>i& CJjij ^aJ A atlA A JJ 



.( Arcing ^ ^jjjja ci y 4 ( Hot Spots^ _JI dji^. AJjl*JI iI^aI! dji^A Aj^n JI l^IjjoiVI jAj 

Rating j£Aj (JUacVI ^ (J^-aAI (Jac. ^ajjaj ci^ ^ ^ ^ V ca (JUac-Vl (JAaj 

. (JUac-Vl A >jn n (Jj"\ a\1 

: (jJAjuja JJ ci£)l( ^ A_jjli]| ci]jUA! (j^jj 



CH4 aJ ^)ajjj jtnAl! ^Ic- 
C2H4 <J >>jjj uA^^' j^ 
C3H6<! >Ji5 u4jj^' 



jiia^vt f UjI sy>*Jtj cjjyi ji^j ^ a^jU di 31 ^ 

H2 <! >jjj jlc. 

C2H6 a] ^ajjj (jljjVl jtc- 
C2H2 Ai ^ajjj (Jj\n k 1 jlc- 



lij IaI 6 jliiAj jjaLjjldA cgjlc* Ale gjjjj ClL|jiJ Jial c ; ‘),Kj la AjiUA! (Jjy-Jtull 'cy\y^ dlakjl A All ^jIxaH j)Aa 

Ajjjoia ^ 1000 (_y] ^1 50 y±i l a ^A&jA *j|^aAI jla ( Hot Spots ^ !>Ija CnWj 4 AaUall yyl^iA 
jlc ghj3 ^ 3000 JI Djj^A! A^jC Clixijjl lij IaI 4 l>J " ! C^-l^aJ C2H6 y^/J\ jlc- gld j 4 ClJI Jld 

. C2H2 uJidVI 

: ( Cellulose ^ jIj^I Jld jA A^IU djli 

j)A ^>^1 Ajl9jja c > imij ( GO , CO 2 j Q^jJAI (Jj' (Jl)^ U -0 c]^ A_jJJjoAI Jjl*AI iIjaII (Jid jc ^dj 

JAC Slljj Ajjoilll cjj 6 L-A^j^aW ^lUAI (J^sdoll A Jj I (j-^ 6 L £^VI djliAl 
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c j a ^ a j } — a_u^£JI CuV^*^ £^.^)a]| 



A_ljlxJ) cIjaII (JjI^j <-* vWj C2 Auli ^-L^axillj ClujlL CuV^aII £(Ja ^i 4 LJuiaoll CuLIa^ A ^-iu All J] AiUiaVlj 6 

CO jUu 31 aj ^^u]! ClaVj)^ a '1 jli tilled 4 (Jj«v *W\ ^JLj ^ CO , CO2 ) gjjlc- U-* ' J (jli cilli] A ^-iij j ^jljjLuJ! 

JaC> lie* tilli «lxj jUjc-VI ^ C^lli J£ C^jj (jl 1 ^ J lilj 4 tilli «1 xj A- 1a ^alkll]l Ajj» >^>11 (JA (jjfL 4 Jill) CuLIa^ s-tu) 

. Ajjiili CuljlxJ) c > luiil (JjI^j 

(Jj^aJ > ^ pl^JI £A CO 2 jlc* (J^Cj (j^ L)^ a 1 ul)^ LS"^ LSlJ^^ CuV<)*\ a\\ (jli Lilli ^lj A^ljJaVljj 

IaJ A^jUI) CO2 A_ia£ (jj^J <— AjjII]! CujjlxJ) Jjiau lie* Ajli Yl& ^^Jej 4 Cluj!) ^ja jj! (J£] jj]jj5La 300 J] 

. A.jj^] jj U till c)ja] 1 j (Jli. A^iu j) 4 AjuLuJI L-jUjaV) A^iu A^^IjjLuJ) c)ja 1 ) ^ja Igul 



JJLuillI AjJLuIa L-ijjIa 4 ajU ^-3 

AuIj IaIc- 4 (jIjja J Ajc- Clujll ^ > J tL, . < (Ji^ ^ 4 ? \ u ^ (j) <j£bAj Aucl*J) (JjxjajI) CuL^p 

(j^A J djVl^Si CuljliJI 6^b ^pL^aAj . (J^ 3 ^ UJ*^J Aux.u]a]l c_Jij^)Ia]| ClujlL Culjtc- .laC (j! (j^AJ 

Oil j cl ujll ^jA culjliJI c^la cIjUIac. aJojojI^j I^aa (j£aj 4 cIjUIac. (J3Lk (J£jajj Culjlc- • 

. ( Degassing 

. ^ H^1 a\I ^9 CuVj)^ a\I (JjJAC-J l OjoAMI CIjIiIaC. (JjLk (j£jaUJ dj]jlc. • 

. CIjUIac- (JaI£JU 4lo <ajLuj (JUnc.1 A (J£jajj Clj]jlc. • 

.^jjjL^aII (Jja ^jlxAajl! CIjUIaC. J£joiJJ Cljljlc* • 



(Jjar-Coll Axj AjjI 1 ]| djjjlii] (JjlVi (JaC. ^aJJ <j! 4 Ajjaalja]! AjaIIslII djl 9 A^aljA]| 4 (J^LaaII L_iixji]j 

c <aV ,| iV ,| i ^iSalU 4 cilli ix . j Jj^aI! (JjlV'i (Jac« ^jc. (Jj^ a \\ £^)a£ ^)iiauj ^ Benchmark ^ ^^ajouj 4 (Jj^ a'I 

. J^.1 Jj Jj^A ^ 



QjjIaII (Ja 4^3^ -Slj (JJjljS AjoilaA daVj)^ a\I Cluj AjICaII Cu]jlii] Aj ^JAjoIaII ^ 1 14 (Jj^Jlj 



Part Per Million ( PPM) 
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jij ^ ^ ^ <*— jV j^a ^^.jaI! 



(AjV^a]! Cjuj C5^ A_j!Aa 1! djjjlxl] A_J ^jajuiaI! Jj£jJ! I 1 — 14 JjA^. 



^9 <Aj|j Uti JjuoC> ^JA JJ^! 

Aaa^JI 


aaa^JI ^ cAijiaj 6-4 


Ls* ££;' (> Jal 

^u^JI 


JU1I 


300/200 


300/200 


150/100 




300/200 


150/100 


70/50 




150/100 


50/30 


30/20 




400/200 


200/150 


150/100 




1000/800 


150/100 


50/30 


lA>' 


700/600 


500/400 


300/200 


(jjjj£J! aluo^I Jj! 


12000/9000 


5000/4000 


3500/3000 


(jjJj£J! AJjuo£! Jj! 



^aII JaLAI! ^ jJoll ^a^all aaJjA jAj 4 (Ju^ 69 kV cJ^j“\aW ajjAa <» <a x ^ Djjj^aj Lille. DGA JJVi Jac- ^jjj 

jjaja I^Aa A^Jj (_^1 jj^Jaj 4 ^ A nar a CAljlc. Aj 2 j (jc. n DGA _11 JjI^As 4 IrjA AjaAj ^ z. (jLaijVl A_j ^j£j 

. Jjxl] A n» a aJ£j!a ^^glc- 



^SbjJI jruwAJ ioLsdl £>kll 5-8-14 

(jj£j aJUJ! aAA ^ A-Lujjj^I djIjliJIj . A_Ax^a A_ljlc. a!ja Ji^A (jjAj <A_lJ]| ^ (Jjjj9 — 1 



Ja % 80-60 

%25-10 

1>%3.5-1.5 

^>^! ! (j* %2 — 1 



U^JjA^ 

(jjllal! 



: A_Ax^all A_ljl*JI a!ja1! J!>La. (jjjjii — 2 

A_ia£ (jC- Sjhc- x>ia\1 JJj]! j! (jjjj^! Jja A_iL-a A_ljlc. SaIa J^Lk sja. AAj^I! C5^ <«— IjAa* ^ja A_aAlj]! CAljliJ! 

* AJI^JI ^ AAa Jj£! (jllnAll A_JjoA 4 (jjJj£J! ALoi£I Jj! (JA A JA^J Uj^ (jjUl > mV !j (jj^kjjAj^J! jlc« (JA 
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: ‘djji' Aj jAA^' »A A AA frA 5 “3 

V (JaSjjjjoj' V I ^jlc- l aIij 4 Jjjaa£l ^jIj t Jjjuo£) (Jj) 6 ^jI!Llo t ^A AJlaJ) ai& Ajjujjj^I CljjjlxJ) 

• j$A 



: du)iJ lSjA 1 cJA-^ — 4 

A jJai^Lo CIjUjj^. (jjfLi CjljliJI (J£jujj Aa^jJ ^lijjl Aajjj ^ 400 AakjJ Sc- (J4^J L " vW J 
a-L ^ djjjUJ) L 600 u^jj*^ 6 ujVv l ^ 6 U^> 6 4 ajj 

• Jc-VI CljUkjJ SlC- (Jl^jj (jSL]j JJjuo£I ^Ij 1 x>ij) ^2 ljJ . (j^jj-lAj 



i ciu^llj jjlAjaj SjIaI Jkj — 5 

djUkjj Sc- ^jjsLjj.^J) J) AiLjaVLj Jjjua£l Jjlj ,\U^1 ^Ij (jp’ SjA- ^aiuAjujVI djjjUJ) aJI^J) 

. f 500 c> J*\ sjt^t 



Roger’s Method ^SbuJI jruaAd jj^sj 






oi& ^l^lxjjljj . (JiaxJI (jc L_La£]( AjjjlstJI L_Laij Ai^LAJj . A^^jj£jj^j^J! aJU. Sjtlxui Aij^iaH 

: ^a Clsjjliil c > n A £jj) ^I^jjuj! A^j^Ui oi& ^»jj c :> n«\ 4 Clu^! Ajjc. A^x-aI ^UaJ V A^j^laH 



uA' : cIfA 3 ' 4 u'y : uA' 4 il)A« : lA' 4 U^JJ^ : u'V 
C2H2/C2H4 4 C2H4/C2H6 4 C2H6/CH4 4 CH4/H2 



j&5 <J£ 4^^“ ckA (If* aA 



^ qh^k x>U (JUaC- 2 I ^j. 









.*LUI iiljUll 



: .laj o' AA J4 j A -A (J£ )nl A lAW .aII 2 — 14 (Jj^JI 
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Jij ^ ^ J CIjV j^a £^.^)a]| 



clljjll (JjI^j CljljlxJ) j^Jal A 1aj^a]1 L^LjaY I • 2 — 1 4 (J j-^. 



Type Of Gas 


Caused By 


CARBON MONOXIDE, CO 
CARBON DIOXIDE, C02 


Ageing 


HYDROGEN, H2 

ACETYLENE, C2H2 


Electric arcs 


ETHANE, C2H6 
ETHENE, C2H4 
PROPANE, C3H6 


Local 

overheating 


HYDROGEN, H2 

METHANE, CH4 


Corona 



)jJb <Lmjj ^Ls 7-8-14 

A. ia£ ^Uj 4 j j-v ^ja CliT)]) Cl iLbc. tSJ^ (Jr^ A_ijjj jjl! Cljjliik'VI I 2 J ^A CIj^IIj Aj_^L^ jliikl 

t-Jl^su (jl ^ i£j ClY^-^dL AjjJaj (Jj]^j1]j 4 d jj^-LaSI A ilx ]1 dlaLdl Aj^laj^ 

jLxj DGA lilj 4 Jj^ll ^>a.ia jiisu dj^L cJi<2! jv>^Vl <> ( ppm = part per million ) 2000 ppm 
ajjou!) oia jfiau 4 ajjouj LcaJ ( m/dw) dw dl^i) m aj^L^II Aid ^La 

^ja Cl c > ^ ml Aklc- A iik £jJaj (Ja A 1 -^ 2% (Ja ^}i£l Aid! I alA CljL^a 6 jjlikj ^Ia (J^d dli 

.2.5% jjldi (jl AjUiiill !aj! Y$ 4 Drying <> qjq vill aI^a ^ Alldlj 

Kraft ) ajsjjI! Jjlj*]) ^ jjbl. Uti " jL^cl ^a ^a l_j!aaH >*KVI j aj^L^ (jl tilli ^ l-ujuJIj 
.Isujjoj (J_)*J! jI^a a u^j 6 ^aIa 0 ai^jjoij Degradation _ll u.hjj 4 dlaLdl (J^*J aa.^VhuaII ^ paper 



^axJU ^ aj 4) c Q* ^Cal Aj^L^ AlP (jlfl ^ (Jaj 6 Aik).: (JjlxJI ^}aC> Ljjfll J& (Jj^ a!) ^aC- (jl IajL 

. du^lL (jj's i> lj ^IaII ajjoij ^ c- Adau ^ Kraft paper) jac> (jY 4 <». 



66kV 7^11 djli xiL AjjIa i-2kjC 60 -^C- 35 Ppm AjjJaj A jaMjiill (jC- 

.A^l}^ 60 ^Ic. 12 ppm Ajjoij AjjJaj) jjl^JJ VI 4 > I'sj 220 kV ^jA ClaVp^s a\I IaI 4 V^A ^naj 
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0^3^41 Co j Cuapo 8 - 8-14 

AilfLa AiL^Ia ^-flalljj 4 lg_J L-Loul) Aj^la^l! CjjjLac lij l <nqVi CU^ t3flk —1! ^ja ^ . ^>J 

^aJ (J^oujJ ^aJ jjla CJJ^li ^cjJaJ C_L1^ hot Oil flUSh Aij^ia jLa ^)jujJ| Sjjj^aJ A ^jUll (Jjaiil Jjj^ajU 

. ciiULJI j Core _J £jk spray i Jy ^ ^ tank_Sl jj*j 



Core IU 6 ^ 2 l^o 1 I (j>& 0 ^» j c^L jjUll ciu^ll u -0 <- > v ^ (jc- ^£1 4-1 ciu^ll I^aj 

Igj) ^-iLall ; 4-ilaxl) oiA C - LlX-jj . LS ^C>\ Ss-U^ll c1ajI£ IaK l^jlj (J jW Xlllj Jo^aV I CJ u^l) <jl£ LaKj t 4_lLaxll 4 CllliLJIj 

• ^ < < > n *^ 



<J^ia^)l! (J*-^J CJjjl) 6 pl^il £-^)aj C5^ Hot Oil _11 Spray J-aC> ^aJJ Cl n«s AllUj ciltlAj 

.Jj^oll l fljiaail <-* j Ixjjjoj j^/v^ Flash off IgJ 




Vacuum Transformer Oil Purifier/ Dielectric Oil Filtration 



4JUL0I3-03 Co jJI OIjLap-I Jufrlj-o 9 - 8-14 



lAJtiH CIi^j^aW C_£> llia.'V l*JLJ Sjj 3 (j* CJ u^l) ^joa^i CjC-Ij-g c qfiVi 



C_fl.cil 1 1 'sll cjli CjI^SLaHj CJ^J^aW Ccljlol CLl^Ij (JS 6-l^.lj DJ-d CJ U^ll • 

cj!>Ij JS dj-g (J-ol£]| Jjlacll (_^acj 1 AloJi ^3 oja (J}*-!) SjS jnV) c_fl.til 35 Ia^$a C-^j^aW AjjouIU • 

. LcljjjuJ 

C_fl. til 35 Q* ^}j£l Alui (JS 'tiJA CjI^*-a 11 Ccj^ll JjWl • 
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jij ^ ^ (_£j£]| dV^^-a ^£ £^.^>a]| 



du^lU j!aa]| jljj]| ALgI^JI ^jL^aS] AJjuuIL ALoJ (JS 6JA Clu^ll (Jj^* <SJ^ 

.CjV^aII S^AC. (JS L—LSC- dj}]| (Jj^*' 1 









* lg jl^- A lafllA a] I l_l^j (_^)*_^a jm^ djL^jI (J^ du^ll aLo^jj <jl L. l^vj ^ AiMI IaI 

I ^I^JjuiU ^JL^a JJC. Clu^ll ^)du J*^ 



L-fl.til 11 ^ <dli <dV^»A 11 L_fl.tii 20 (jc* jL^jVI ^ (_j£j VI <■ t • 

L_a.til 35 ^ <dli djVj^U L_fl.tiJ 25 (jc* jU^jVI ^ (J^j Vi • 

l_ fl.til 220 ^ dli cijVj^II d fl.tii 35 (jc* jU^jVI JL VI l_l^j • 

L_fl.tiJ 500 ^ 5 ^, ^.aJI dli cijVj^II da.d 45 <jc< jL^jVI ^ > JL VI <> - • 



Infra-Red M jL*^) 10-8-14 

0] a-^a ^Jaxj 4 ^11 AjLjjj'i I ^I^IluU BUShlnCj _J1 Ifrla j . -~->l W \1 (Jjjjjj — '■ ^jlq (Jx£- ^aJJ jLirk'i I aAA 

.ojjx^ill Ia£ Ads ,j)jj j^ladl *jaJI (J^l^ <d u^ll (_^jjjoia 1 
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^ ^ j (_£jja]| ^a^JI 



d**M Parameters mJ\ uLL^i 4tfUI yljUtfl : ittljll 9-14 



Transformer Turns Ratio, TTR jLi^I 1-9-14 

4 ciililH (J^JI jL^jl aJIa. ^ Jlij t .iJ^I L_kUI ^ ciilalU short c *>^51 TTR jLiJ 

CllJJ li] A_*.lJI Ljl^j J Jl A_ilc> CJJjJJ ( s-L^JI (J Jl Jj^aS $. Ul Jjaa ^aJJ jljJVI li&j 

. .ij _^l L_JJ| Cljlil (JJJ jL^jI 



.0.5% jjUij V Iaj Nameplate. _!l ^lc> a-jjj^J! a^-JIj AjajliiJI 4 ^ ^q\i ^ 1 .iJj ANSI cijl&x-alj-aj 

A<£UI jJaj jljJV I A ^ilj Ai^xJ j 



measured value — rated value 
rated value 



x 100 < + 0.5% 



TTR— St jW^t f tja,V ^LjSall 1-1-9-14 

^11 i^y\^ jj» ^ l-i^-a. (.j^VI Ullc- ) Windings .iJj (Jjj^ajj jUi^Vi li& 

VI (j-ojJaj HV Jl l_uLJI ^c. jliia.VI «^-^. (jl . aJjJI TAPS Jl Ail£ .lie. ^kVI Winding Jl 

• jlJ^V! s-UI is^ I f^l .j^VI l_uIJI ^ >'l 



Ratio Bridge — St ASjjla 2-1-9-14 

Jl c_aLo (Jjj^ajj ^jj i : * n«\ . Iajjc. (j-o (Jlil 1^-iS Ua^JI A_jjaijj TTR Ai^ (j^UI jj£I (j-<4 jn**! Asj^UI a,!l& 

sj^t ^La Jj^J Secondary Winding Jl ^ ^jljJI Jc. *jLU ^l>JI Jj^Jl Secondary Winding 
JJXdlj 6 (J^kJI (JjjIJ jlL<Jjill ^V*H)»nj t 1 0 — 1 4 ^ L£ 8 V l*-o i jlili.V I 

. 4>^S' t> exciting current ^Ul 
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Jij ^ ^ J jail <*— jV £>^JI 




Ratio Bridge Jl 4ija : 10-14 l£J 

jjfJ LoAic. <j| e* j jLa^jlii> (^y$ j£l 4 Jc. ^*- xi 1 jJj*\ Jl !>l£j primary Jl jjj^ajj ^jjj 
. J ><o jflJjoi jLo^jUJI jlfl ^Ul! (Jj*\ Jl ^9 JjjJI .^g >11 LaLaJ (_£jIjuiJ ajljj^l J>JI (Jj*\ Jl ^ JjjJI 



^jLujj !■» jjja j£-aj primary s^Axiia Jc. jjWj ^ jliijVI ) <> _5 j JJI (Jj^ Jlj 

. ^Ull Jj^JI j* TTR Jl 



J single phase double wound transformer- J ^ jo $jUo Jjj^JI i.u^ <j-aai jj> jl Jl U& jjj 
£-a JljJ JaJj 4_ll^ ^9 jjfJjoi jlg_>J ^jjUl L_aUI jlfl (Jj*\ J ^a^JI £ j>] -Hcj ^ (_£jjlj J-aj ^Jl^l C_aLa j-o jj£>JJ 
^JIjojVI c_aUI (_^jljJI Jo UJi La£ (Jj^ajjS ^a^all jig >1 ^JIjojVI J-a U 4_*^a^9 JjJI jj^s Jl (_£jjUI L_aUI 

. ( 1 0 — 1 4 Jill! ,*Jj) ^ JjJI jj^ Jl 



Polarity test iLdaiUI 2-9-14 



jl 4 *^xn <jaiij j& TTR (_>9^ (_^JI jig >11 jla IJloj ^ (_gjljJI Jo j^lj-^-* cJ^^J -Ho l^j^V l-^> jLjj'VI IJfc 

• 1 1 — 1 4 (J^juJI AiaJjaiJ 4jJaJ jl I £ j>j j£-oJj . 4_lJaJI cL>jj ^Joju 
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A-nlaill jliikl : 11 — 14 



V3, V2, VI l^j primary winding J J] (V s ) 'J I ^ ^ ^ l ).. 11 — 3 ' jaJJ kl±l^ 

(jl ^gj«-aj 4 A <ul ' " ^ajaJ Jc. dot Jl (jl 1^3 (VI -V2) = V3 dlil£ Ijl Jaij jaJ 4 TTR l—jliii^. (j^-aJ V2 , VI 
4 Secondary Jl J al Jl <iuJU a2 ^ £l£jl Jl IJ>j 4 primary Jl J A1 Jl A2 (> ^aj ^Jl 

.(j^iJIj (j^iJIj 4 (additive polarity) lj j*-»j 



OliloJU DC Resistance ^Ls jlc^l 3-9-14 



JJC- Clj^yLlx-ajJ j! qa ljU ^.1 AJJ jliik'Vi j 4 JjA-ajjll jLlklj Liaj! ^g.xu.nJj 

jjiJ! c^U-^l jV ^Tap changer J! J\ 4 Bushings J loose connection 
DGA ^ ciuj !ij AjiL J JkJ! ^ jLikVI .High contact Resistance. \ i \u ^ Ul 

cIjV ^ ^cHjj a c AjIIIaj jlilkVi Ia-Uxs 4 <jllL<J! ji jlc- 

^^Jc. D.C supply Jjj^ajj ^jj Jaia 4 1^. jLlk! UujojV aJJ Uijbj . A /S\^A JJC- L “ 4 ^ ^jVl 

jlg-i. ^Ia^JjujI . <LajtLa]l L-jLo^J jLj]| <Ajuo 5 ^aJ 4 12 — 14 La£ jljj]| ^Jjj\j3j 4. <i\a\\ 

.Sjjallixi JJXajSl 



^jjj\j 3 Uiajlj ^^LojIa land's QA 4 ^IxJI L-ul^. L>^ (jjg ~>J (_}£ (jJJ <LojtLa]| (jjjLij jLilkVl ^ ^aJJj 

J ^-r^J (J^ (JJjljfi 4 QlJjiKkilA laMXt'S ^a£j| I^JA IaII 4-^^- (j (jj$ >J (J^ 4_AjlL<i]| 

. <Jaaj 
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jij ^ ^ ^ CS^ ^a.^21 





aj^UVI cJ^j^W ^ cjULU DC Resistance ^La jUik! : 12-14 J^> 



lg_ia LisLuoUalli LV WindinQ 21 L2 c 431c- <LajtLaj ^j^Wa ^LiL c£3l HV Winding ^a ^L^aj g2aj 
R esistance - BridQe 4JlaJI &2 a ^ij ^ L-ulaJI ^2 a <LajtLa j» c > n * » j 4ija^ ^jc 



<^1*^21 R^ j R 2 djLijlL2l l^_ia ^A^jjaij ( ^2lj ^ 13 14 (J^ju 2I Sjjg 2i3l q^LoujA S^Iaia (JI!l3I (Jjjjuj 

^Jj^aJ Ia.Hcj (jj£^)i]| (jjj (j]j^Vi <2ak2 (Jj^aj R|\| <LajtL2l <Laja c213j R x ^^A 4Jjg >■ x\ <LatLa (. A xn2l 



D^C.U]| (jjfLaJ (JJjLaiJ j5-ojjlilaJI ^ jUl) jlnl! 



R l 

^= R ^i 
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j j a ^ a j (_£jja]| ^^.^aII 




— HkS^ 

if r- 



(JjIjujJ^A : 13 14 (J^juj 



»iklj ^•tljVl cijl£jjuj ^jiasuj ^ikVIj JajujjVjj (JjjVI cjtii] .iklj jl Lal£ jjfLa ^AJja Taps _JI a^i 4_JLa. ^^9 

.taps Jl cjI*]^ 



4 ^)LilkVl IJ& Ai^jLa jm‘i 5% ^ Uak Ajjaijj 4 £_1 x-aa]| (JjS jA 4 jj.1a]| A 1 A aj4L ^jojILJI ^j£]| jjt£jj 

C > lllj 4 \jjuj\j 3 75 d±jl£ ^ U^aII ^ <jajtaA]| <LajtLJI jl 6j|^JI j;jlj filc-I^A C > 4iLJI jA ^JJaIj 

: aJUI CliV JsIjlaI] li_Ja A qV'i'S a CIjWIaI] 'jl^pJI A-^j 2 ClijIS I J jliiiJi I IJ& <LaatLJI A Ajqll 



^2 

where; 



^l ' — — (for copper ) 

235 + t l 

Ri — winding resistance at t; temperature 
Rj — winding resistance at tj temperature 



„ 22 5 + t 
= Ri 

225 + t l 



(for aluminium ) 



_ll magnetization Cij.i^ t ^ '. “"'j <jl if^i 4jV ajjjjjj]! cil^lu^/l <JS 4jI$j jliia.VI li& *■!>?■) 1 . 

. diljliii.1 tilli* Cuts (jl <j]1j]I ^jtiill 5jaj ^^Ic. jjjj (j * j i Core 



( No Load Losses ) Open Circuit Test jLi£-l 4-9-14 

.14 — 14 (J^jui]l Ia£ ^jojjj jl ajsI^aII SjjI^I jl (JjVI l_AJ1 ^ 
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A^tS-ll iJ\A\ : 14-14 J£4, 



(jx ■Li.tla (j£j La ) l)Ur- l^jjUs] i_JjLaj s.l_pj J] ^LiiJ (X m Rq X2 Xj R2 Rj) — ^ ^ 

.Aj2 A ~''j ‘ ^ c- 1^.1 ^XJ J 4' Jjc-I I LI 4-ojV — ' ■ Jt ~ - ~ i|j' /'kV 1 &Laj 6 ^ ^-o_L^a41 J^Lk 



^Lillj t Open circuit test ja JjLM (Jjj^lJ <jjjlkiJ <_DU <> l*^ Parameters Jlj 

• (X m R c X 2 Xi R 2 Ri) fJJ W^U. (>j t Short circuit test ja 

Open circuit test — SI jUiil <> <_i^JI 1-4-9-14 

UjIa 4_xujjI jA La£j t No load Lossos _ll i R Ci X m j^\ nV^M I.1& l. \l 

(J£judll L^jjLo (HV) LV Winding U]lc-j ^La^Vl 

. 15-14 
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^ ^ j (_£jjJI £^.^)JI 



w 




(a) Physical Arrangement 

(b)Equivalent Circuit 



Open circuit test Jl jUJ s>jta : 15-14 l£J 



. Wq, Iq, V ^A ^aJll fi^A (jl (jJa^)iJj 6 SUpply JL (Jj^aliJI L_uLJI ^9 Ajj*s m Jl SjJlIj ^jLJIj ^ .JI (JjjIJ ^aJJj 



£-JJLj 6 L_ulJI ^XLui)!\ ^JS UjLaui ^Sl (jjfL (jl UjV ^Lj^JI j.lx-aAJ LVJI (Jjj^ajJ LjiJ U Ja^V 

. HV (jjJj LV (JjjL-ajJ ^A 



CjjLJI (jl C > \ Unj L_uLJI lifc ^^3 jLJl ^ Tvi Jl 4 ^jqll (j.0 1% (_£A*JJ (jl 4_SUI 6,!lA L.Jj)^n>H Jl jLJI (jl 1 )>«Ojl JaJV 
j)l liAj < exciting current .Lia JL*j c^j^JI jUJI jl LS i^ <. Jp^JI Jc. Vj j^VI 

. 1 ^. ojj» t,si l 2 R (jV a x> ^I^lVI l-uL^JI ^ power loss 

Loss SI L>qq (JL^j Wq ^jujILaSI SjJII (jl Uaj ^ jLJI j» c > n^n Ljajl n*j Voltage Drop Jl (jl J£ 

. l-jj^x^SI jLJI bj£i L£ jii*j primary ohmic loss Jl jV Core 

I (jjjjj^. (j-G (jj£-G 6jSjJC-l (j£-<ua lo LjJ^jujJI jLJI Jl 

i <Jal£J| 6 ^jUI ^ Rq ^ j-gjj t Core Jl >u (jc. J jjuJI <jJI ^aj ^ Active component t Iq ^a JjVI 
.aJUJI SjjIJI X m ^ jj magnetization <j^ JjluaJI jLJI jAj 4 Reactive current, l m ^a ^Jl 

.X m t R c L_jLai^. (j£-aj I x-ojl I^-Lqj 1 AJJI ds^Ja-J! (_^i J£ lm Jc L_jLai^. (j£ojj 
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^jjL^. jij ^ ^ ^ ] — ajj^JJI (_£jJI ^£ ^a^JI 



W Q = 


j 

II 

ti 


.\Ic = 


Wo 

Vr 


.*./» = 


sjQ - /? or 


He = 


y- and.V m = -J— 

-*c *m 



V*k. cjljUk) 2-4-9-14 



« ^11 Aiiiall 4-jill <> % 1 10 , 105% , 100% , 95% , 90% ^ ^ 5 ^ jLu jU^Yl to -1 

• W 0 , Ip , V (_pilL o>a j£ 

(_£.ij.iJI lJJI a K / tix> LjJ (j\ 1.^-9 nameplate a^j-aJI ^jJI AjaaliJI ^jJI ciiiiiJ }J —2 

^ cJjj jl 4 cs-u^JI cJJI cijUJa jjj cjtcl > c^SUa jl 4 Laminations Jl jjj short c^SUa Ujjj 

c_jUI 

JLj ^^Jl lJJL ^-aUJI Structure Jl ^ Unsymmetrical JLa lil U Ai^J Ljaj jLikVI li* -3 

(jjjLJI (jc. <* qVi'sj phases SI .iJ cjj^joiJI jLJI (jl bUo Ja^l lij 

SJl^SI AjJ^iiS (J^-JI J^Vi Ai^J (jjjjjjjJa 'JS A jjaJI A_aJI (jxi 110% ^1 A_aJL ^jjla-JI (jli <Jj£j — 4 

. AjjaJI (jc- 



Short circuit Test II jLi£-l 5-9-14 



^*1$ (j-o (JS ^ Series impedance j <j ^xj La jl X2 , R2 ? X^ , Rj a_ai3 ^a jLi^VI I^a (j* <> og SI 
4 Z% test JL Ljajl C5 -o J auj 4 Percent Impedance test j L^t jL ikVI liA . Jj^JS aJUJI s^IJI 

IJb (j-d cljJ^IslJI oJb (J£ (_5-S c ' (Jj^a^j U ja Aj.At.tJ I ^9 l_ujJIj 4 Load Losses test JL JS,*^ ^At.tjj 

.jUatfl 



Ljajl IJlc-j 4 short (Jj^^SS isj ^^ I ^ $ >SI J* > "ij a^_^. SjJI s-L^JJI ^t^^ (Jj^a^j LjL a_aJ (Ja jAjj L*£j 
HVJI a_^. (Ja I ,V , W S c cjLjLJI La.Lj 4 short Jl ^a LV Jl a_^. (J*_^jj 4 s-L^JI jAj^saj HVJI a_^. J^-^ajj 

.16-14 JUI ^ L£ 
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^ ^ £2Sb^)Jl 








(b) Equivalent Cireuit 



Short circuit Test J! jL U : 16-14 J^J 



(J*-J j-a 5% jl ^g-isu 1.^-9 5% bL-a ^jLojJ Z% <1 ^Jl Jjj*\ Jl jL JjVI 4 -llJI ^ Lj£i L^j 

zero J Ljflj J*JI J UlUai * Laj (short) ^ jti\ I ^ Rated currenU! 
^pUI 'Jl IJj . <jjJVI 4 g Jl ^ 1^. Uijj-d jLJI (J» j,^.o Jl JSli short impedance 

^Jl jj» >,J1 ^aJI <xua jAj 4 impedance voltage JL short Jl ^ ^ Rated current Jl j , J 



. jLlkVI La 4^A^jjaij 

Jlj^ exciting current jJ jjLjj a^VI <^JI j* 5% &jJ H.VJI ^ jVI 

^Ic. <L-ajJI ) shunt circuit s jj£iJI a£UJI J» IL^j 4 «^-JI jl£ Lj j-L ( ^_ 5 JI aVI ailj j-a 2% 

Shunt Jl Ja£j jl j^j u^j 6 ( jj» jJj jjau^a ^ ^ ) LLj a Lg a No load loss JL 1$ jxu^n ( ^JI ^-Aj ((_^jljJI 
6 jJll ^_^a 4 _jujliJI *jJ]| ^ jj^ajj 4 ^jujll j-a ^^jJjJI *jJI L£ j-^L (Jj^-Jl Jal£JI d^jI J l j/L L 4 LLj branch 
j^jj L£ R 2 ^a R 2 ’ Ju^ , Ri j R2’ c^LjliJJ ^jll ^ JU ^lj 4 series impedance sjjiaJI 

•(JLP^ I ^Jl 




(AO 

UJ 



2 
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^A^Lia. jij ^ ^ ^ ] — aaj^JJI (_£jJI aIjV^^a ^gi 



^ L*£ (X2 , Xj ) A liSj ^I < u3 J j^^l l j^AJ 



Isla R 2 > Rl A^lgjjuuJI ojSsl\ W S C SjAsJ! jV! 

. aJUI ^VaUaII 




^1 + »i) 



jzi -( T l + T' 2 r 



.nameplate ^ Squall <> 10 % jjUii ^ '-& UaaJlj 



Ia ^a j c JaI^II cii^j (J Jl j d±jl£ •j'u^a JL 4 **^^ ^^Jl ^jJI jV Ufjudj jjj£ £§ jjJI UaaJI j! Jaa.'V 

. £3^1 jLa.VI ^aJaat a aJaC- C > tar 



jLuiVI l4h A-iaAI 1-5-9-14 



c_flLuoj£V LL^I 1 x>>jl aIac- ^jj jliik'Vi Iaa jli (Jj^aIL Aj^aLiJI Parameters Jl a_ajs Ai^x^J AiLAaVL • 
.AlLLk cij^ljj^ajj jl ^^Ua short a y\\\ jl JlJlj jpJJI a yj\\ dslaLJI deformation cjjjc. 

A_i3 Aa^j Ia] c > nar a'I phaSeJI Ai^a-A ^aJJ Aj ua *jj^aJI A_ 2 kjA jjja £^^jl Aj^lj ^ IxAajI ^AVutnj • 

.L-sljjujVi a^x-a] (Jj^\ a! 1 c_fllij! ^jj IaaAc-j 4 jjja5M Two - phases. Jl jA ( ^ 5 JcJ jLs 

U ^aj 4 J^jkA percentage impedance j^£j jl cj>j j^T J^a ^ csjljJI Jc. JajjJI aJU aJ j£J • 
Jl a_ajs (> _gJ c ' s-Lj aHajs a, wTi short circuit level Jl jl ^LlJI jA LAaJ . jLla.VI Iaa jA LaojI aJc. (Jj^aaA 

. Jja^JI ^a^la ^Jl CB Jl djlL^al ja aa^Lj jAj percentage impedance 



4Jm k^U 

^tiaA Ujl oIasla 132 kV (J^-* j* 5% jla JUJI cJ^f^ ^_gJ^ ) ^ijA cJ>^a]Ij ^aLiJI Percentage V. Jl jjfL as 

^jj ^aJ 4 ^SjaIL £-La JAJla A^a. ^ I ^alAVn J j^AJ IaA1x3 ^jaIL ]^3jJa jj^J V lAAj 4 6*6 kV djAS A^_aJ 

. aJUI aJaU-JI c > nn^N A ajJ] 



— applied voltage ^ current x ^qq 

measured current rated voltage 
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^ ^ j } — (_£jjJI cIjV^^ ^^.^Jl 



Load Test jUs^l 6-9-14 

<>j 4 (j ^ cjjl£ open circuit Jl J short circuit £ jjjud JjLbJI clJjbkVI 

* 

4 ib (Jj-v *\\ li£ L-jLol^ Jj^)j jlfb lj£ IJj bljj 4 jbl£ (Jj^v *W (J tx>Vt (j-<a lOSS 11 A-ba^k baiS ^Jj (Jjj^^lls 

Jb J^bll jbSI jt lM^I ^3 VI j$JaS V loss Jl qa ^Ijjt l >^*j bL$i . Regulation L_>b^ j! 

.JbbJI JjalfLJI cbj^bbVI V Ibj 4 stray loss 



4_ix_nIJI L_fljj]a]| (jjabij CliS^SI (jjb ^3j 4 $j|^bl ^UjjI JJ (_£ Jjj V Clli^J bib (jj£j (jl L_±^J £_Jalljj 

(JjXjujj ^3 Ljajl L_1 AJj 6jJls]| (j-0 $j^» (jl Ja^-V • AbbJI A_U^)aJI cbjjb^-VI (j-a V^J ^1^11 4-Jjiil cbbiLall ^ix-bj (^^Xjujjll 

. AjslbJI CJjjbkV! (jk jg b V baJ abj ^qjq^kll l)j ajv **JI e-bl j£)iJI •je 1 



. load test .j bijxj b ^Aj (Jj^v ^SS ^qjq*s j)\ j^l (^Jac> j£jj (Jjfuj b 



cJ^ 



jbliVI l^fc Cjbja-ufl 1-6-9-14 

L—aVj) < sx>\l bl 4 *Uj)g nn (jVbll (J-abL (Jj*\xJI (Jj^Vt (j£aj J* n«\ Sjjy x^ill CL^j^aW ^3 ^)bkVI lb (J-oC- l*^<a<a (jjfb 

cb]jbSlj 4_Jl*JI Jjg “\W ^ bjjoaV (jVbll jbil (Jjj^a^llj jn^ a\\ (J^.|j (J-al£ (Jj^Vt (J-^C- ^3 A K xb bb^a A x\~n x>JI 
%99 b nj b*QA %1 jjj^'uu (Jjj^xJI (J^b 0 Jj^bSI SjJall (jl XJ \^^3 4 %99 (jj^j (J^-xJI D^li£ (jl ^IxxJI (j-Oj 

.^^JJJjj jbkl (_^ l^JC-l-jJaJ (j^J V a! Ua oJAj ^^SkjbJI (_Ja^JI (J!>Lk (Jj^-xJI ^jl-^ (jl c > DjJall (j ^ 

bll (jc- Cli 3 ^]| (jj^aj 6^2 ^a]| 0jbi]| 1 nJ-ian c**n^j 4 load test _ll (_b*J (j-4ab. l-j^LojI Uj (_5^j^ 

.Back to Back test _j ^b>xj jlii^VI Ua ^ 1 >^V o^bJI cj^LojVI li^j 4 ^a_uJ jO ^JJi>^lll 



Back to Back Test Jl jU^I 7-9-14 



gi b£ 4 4. <ab" ^j^xlU (_^l Back to back Aij^Iaj (jjU^Vt (jJjbb (j^l (jJj^J jbik'VI Ua ^|>^V 

jb b^ia j>4j two Secondary SI ^>>1 ^^liSI Loop _ 1 S (^2) ^ 4 f, u^ 4 1 7 — 1 4 J^bJI 

jiaj V ^)bSI ! 1 & (j£i 4 (J^^SI jb (_£jbj ^)b Ajj*j (jc. (JjjjauJI jAx^abl (j-<»j 4 Rated current (_^bj 
(jjSj)^ a\\ ^3 Copper LOSS Jl Jaa3 6 JjqbSI ojJaSli (j-aj 4 (jJj^xtSS (_£^jUI dilab ^3 (Jj 4 

. (jVbSI ^)bSI jjj-a (jc« 4_ajbl 
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^j^L^ jij ^ ^ ^ <*— jV 



(j-<ij (JjjjI^IjVI (j-pLJl ^ excitation J) gjjLj ls^ J*^ (V^ ^)Aa^a]| La! 

. Core loss J) j a^ 

j! (aaj 4 copper loss j Core loss Jl c-LjjjojL <LuLja <alL a^jj V ^ l>°j Ja^ V aj! Jx^V 

. <-** V2 • VI jjjA^a^ll SjAJ 

6JA £2^)J — (JjVI (J aJ AjjulJL Ja2>J£ JaSU L£^ — (_£pLJI lJJaI) Jj ^ jllJ) jl ) (jl Ja^LV 

i^ja bl£ ^ 3^11 l_jj 3 | j)\ 1 Iaa (_£J_^. ^ja ^juolLall SjasJI ^jlIxjj . Back to Back JL ^ I ^aja ^ ^a^oa!! 

• (J^ (jjLall jLpil l^Jfl _JA J (J^jLJI J 




Back to back %>L : 17-14 



Vector Group II Ju JlpJ jL^-I 8-9-14 

j t R Phase (jjj Short tilliA t 18 — 14 (J^ La£ (J^-41 ^jl ^11 i] AiL^ja ^ ^ ' ^ ' 

. k^W ULfci.1 <-Laa. Phase-a j Phase-A ^ <^sj jA^hr Phase 
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jlilk! : 18 — 14 



Aja j t Jtil) (J j-laJL <LkjauJI ^jalL ojlij j 6 Aa5^)a]| jIiaj] jk ill 4-9^ CllU (J^-jujJ ^aJ 

. A_i&l^jVi Acjxi's a \1 



1 W-2w 


< 


1 V-2w 


= 


lW-2v 


> 


] W-2w 


< 


" L-l V 


4 


' W-2w 


< 


1 V-2w 


> 


"vV-2v 


= 
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< 


" L-l V 




' W-2w 


< 
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> 


1 W-2v 


< 
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<: 


'L-'V 


T 


’ W-2w 


< 


v -2w 


> 


1 W-2V 


< 
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> 


L ■ v 


r 


1 W-2w 


< 
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> 


‘ W-2v 


< 
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> 


U-1V 


£ 

w 


' W-2w 


= 


1 V-2vV 


> 


' W-2Y 


< 
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> 


U-1V 
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> 
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= 
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\ 


1 W-2w 


> 
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V 


1 W-2w 
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1 V-2w 
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1 W-2v 


> 


"W-2w 


> 


L - v 


A 


' W-2w 


> 


1 V-2w 


c 


' W-2v 


> 


1 W-2w 
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" L-l V 




1 W-2w 


> 


1 V-2vV 


< 


1 W-2v 


> 


1 W-2w 


< 


" L-l V 


^ * 


' W-2w 


= 


" V-2w 


< 


1 W-2v 


> 


' w-2w 


< 


L - v 





c_ijUJI Primary Winding ABC ajILs! J ^ 4^ J\ ‘ ABC _> jaaj^I ^ jtk* Ci& !i!j 

a b c Secondary Winding j^VI 
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jij ^ ^ ^ <*— jV 



A - a jjj short Jajj ^ < ^\si^\ ) JUJ) UiL ^ 3-phase voltage kiL^j ^\Wn 0 ^J>1\ *\j^j 

l ^Ij L<ui 6-l^.lj ^aJ3 (JjjIjS 6 Uj£j La£ < Ail^ (jJJ (JjjLjS 



330 (jl t^-9 


C c =B b = 


B c < C b 


30 (jl cr^ 


B b = C c = 


C b < B C 


^)L^a (Jj'S x>\l (jl ^ J 


Bb = C c < 


B c = C b 
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^ ^ — Aaj^£JI £^.^2) 



jmc jiurUJl Jmll 

uujll ^ilj^aall ulm 



Generator Step Up .2j-<a (Jj'v 21 0 ! L_aj*j o' LS^ • L " AaLu^all AaLoC- AaaA lj Aaj3 0^ e-UaC-V 
Aai^. 0 j 2-° 20 0-Q cajL ^ Ajt-ii^aj l_sKjjj MVA 21 o-° s^c- £-^21 li& o-° ^Lj GSU 

li&j Ljajl j§ Aa A jaiQall j2j21 6^j O' alax-oS Aa.laJl ^ja CJ^j^aW ai& 0 -0 .l^Jj '2^ t jaa Ajcil^aJ 

.A-IJ^)^]) A^l ^^gjoUJjj (jal jaia. i _ 5 ^-9 CllV^all AjLlx^au (J-2^]l ^aLu&V' C- -L2 l j ^aJ 0-°J 6 aJjIa *0' jul ^‘ C5^*^ 



(J!j±u±a A lo^^La (J!Lg ^1 cj^Jd ' & xiax J ^slj-2' 0 -0 -l^jJ AjjjJ Cale-jjS ^lc> Jb<uaa LojaC> CliV^^all AaLu^a 

^Jcr Aalijj c2U& Clul£ Ia^J • lg-L2^a j Ca u^l Callic- jlal^' l£-g (j- 0 o^' Aajj-i ^ W x ^ 3Jt Jj * Aa^p J 

(_^ji a jljj^all (Jla^) calk^X* (jc> IajI ^^aia V Iga^l SCADA Syst6m J>La. O* j all 



Q^aj CaLo^lx>2l o JlA (< jia*jj 4 Aa La-all ^cala^ 3oj3oVt' l^ulc. (Jjj^aaJl <^21 eaLa^lx^21 ^ja A ot^A ^ ^ Ijjl <2la& 

V Radiator J! o' j' 0^ A9J^)laJ Ac-jjJaj-o CaLaLu^all o' ^-^jj-21 ^»"V>Lj 0^ 6 0^2' Aalc. 

Caj^H 0-° '-2a2 2ij 6 c O^ j' j) CaL^jJa-21 0-° £ 'j^ Aa^Lac-l JJC- CaljA^al jjAx^a Jsl^Ij jl (Jasu 

O^-gJ CaLa^ix-21 0^ ^)2V' (J^* 1 * j"j .o^ 1 ^' -Q>^J <213 c. <a LajA-o A>r fc J ^jt*utn (J^j l jl 

du^lj Aj^aLiJI ^ja Ca]jjujj-ft£ c A qLi'S^ Ca]^juoj^ (J!>Lk 0 -0 

.AaLi*JI 6-^-J cH 3 ^ Prob6 ^l^laajujlj AjjIc- AJa^j Xic. Cj Aali.1,21 *0i>^' U JJ ^ 



: CIj^j^aW Ajjj^II Aaljj^a]| 0 -0 0^^ <-2LlA 

. LjjjSj AajuJ! ^ 6^.lj 'c>ja Jaslaj Oj^ AjUj^II SjjAj ^jaaJjl' Aj|^k 0-° ^]>^j Jj ^ Jj^' # 

A_2lj Jc. Cal^luj 10 (J^ S^Ij tilli ^ajjj o!)^' L>° cJj^^" ^l>^j J' Aj1j>^i\I c > llllTl g^2'j • 

.c_j£)fljl! 



4*jyi wWjtiil ^i 1-15 



l Ig O^J '^JJ'^ Wr^j 0^2' c . ^ ^2 CalsuLiaj Calx^a^a^ tillaA 
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a j a ^ a aj — caV^^-g ^£ £^.^>a]| 



Tank_JI jasx9 1-1-15 



1 a 3 > »V 4 du^ll (-J^uU ^&Ua-G -j” la a (^g\ jl 1 It ^ j\ I yyu b_y 1 ^. .iSU] IjjAUa T Sflk J1 3 1 ^ j 

. Bushings _U j— «" JaJj I^a ^JJJj ^^Jllj cjLl^Jlj Flanges J1 jSlJ 



i£j^- cs olpJI (j^ IaI IaI • Radiator _JI l_ujUIj ^Jojoj Ia^j k *a]l ■kj aJL^. (J ^ ^ ajJj A aj ^j-^Aill ^^kjj 

^JJjujIjA Ia^J (jj^JI cAIajuJJ ^-IsLjjl ^)A AIaJ^Ij CALudlAJI (JA A^tJI L-L^J AJL^JI fiAA AJAxa L-Sjj^k <-** AJlAiLajI 

A In x >) Clnl£ (jlj ~ L_Jjij jl (JjACi A=JjJ O'* gAj]jJa Aaa&I ^Ja*Jj . l&jUaSlj IgnnjJj I&aIacJ ^ja Aj^n]^ 

- aIaI^Aa SA^k AJLuoljjj (jj^JI ^.^Ua ^ja a£*IjJI L_ul^. ^lj I^Aa Cl n^ll ^jaj (J^*^ ' — AJaJjunj 



: (J^^-kl cUafr jar*3 2-1-15 

l" \^\ \j ^LJ 1 | (JjJaLiA cAJa^j ^)^l ll^. ja ^)jjJa jl ^IxjjVI (JA 6 ^ 1 ^ ^ja A^tJlj Ajuail £.UaxJI A cAJa (JajulJj 

^jIAjjVI jlnll (_k (Jj^^'l pllac- AlnnJI I j *W s-j^.1 S-^k J] -kk 

A_lC^j ^ja A^tJlj ^jIA»a]| C_fl|^Ial “kj c . ^>J . 4 _aI£^.Ij AJaJjj ^Aj^alJI jl (JjjAAJI jl ^ja (J}*-^ J-A^yLa j 4 _x^aLk 

Sjj^JI jl ^Jaall jl ^ Arc) jl^ 1 jIjT ^a L_fl|^LVI j^-j Ia^^c-j !c£j ^\si^\ ^^jjoiaII l)3*-^ 

. Jj*J! <iUajj ^LaJH 



: 0£>L4»I ijaff-3 3-1-15 

jjjjJall ^jA (J-g 4 dhHj Aibauillj ^C-LuiaII 4 )o^ , >Laj ^j^i^U]! 

^ijl U^i\Ij Clu^ll £)±±a <a!> Luj A ]q*\ < >La U -0 iS^ 6 ( ^£ ; IjKja\I 

l^jUaC-j lg \ )a lAClaul A Io^'vLa ^LjJJJjojjII djjjojIa^ AjjliJI AjIa^JI djjjoiIa Aj pistil (J£jul]|j 

AJ^Xoj Ale. JaJ^l) ^jJaijA ^ja Cl_LJ^l\ ^-Clj ^Ac. !a£j L ^.l_2k)]l 



Winding Temperature Indicator II ja^A 4-1-15 

CjliLJI Sjl>a. 4+jil Simulation Jl jl Iaia < k c ' CAUIaII (J^k A^-ja^a 

.Jl £jj^jA cAJa (JjlrCij ln£j . caULJI (J^Ia Sonsors ^jjaj J \«* o^ciIja a_=^a ^jjjUs LJac. <. > x^>j c :> 

JU ( ^ajojj ^ iUIaIL djI^JI J_ 2 ^a] a (< _ 5 J C J ck^k L5 J ^ a k ck^ k kk C5^ Sonsors 

.Hot Spot 
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jtdl *^]^1 Current Transformers, CTs S\±*uA : c^Uij cjULU Hot Spot J! ^Ul ciib&j 

cisliLJ) Sjl^ ^ Sj^La ^ jqjK ^jS ^^LlxjI 2 _i 1 ^j *LjI cijliUI J^b Fiber Optic Sensors cib^iJ li^j 



Bjlj^J) O)ju>j-o ^3 43jlilo 5-1-15 

J&S Winding Temperature Indicator ^ sija^Jl %j\pA\ Wp ( j J £j j! ^ 3^aJL *lfit 

(jV ^ilaiQ t Ajjl-o 15 Top Oil Temp indicator (j* tiiL 

Sjl^. Iaa!> 1£ jl fj\ tAM'fc bli t cj ujl! l^ja Iaj <il£ "Lskp 

. LqLqj ^jjjjjLxlLq ^jjjL2kjJ! (jj£i (j) c > i-sjq <A.iiJI (jl£ bj Ia( .^jLn jjc. (ciujl! j^j- 0 ji diULall 



Conservator _J1 J CjjJI ^ 51 ^ 6-1-15 

Liguid _JIj ^p^aII b&j ^ bo£ (Jj*JI ^-jjJajA ci jjjll a_i aaV cilbj 6 a^aaI <1 ^a^aII I.1& 

ciijjl! ^jjaj j^su Ll^b Tank J! c__ijl_^ c ‘\^uj J^joJI g^b Ullc- (jjfb Level, LL 

. 1-15 JS^I ^ ^ 
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jij ^ ^ cIjV^^g ^£ ^^.^-gII 



Oil Flow Indicator Cojll jb^ui j^b* 0°*$ 2-2-15 



^ 4 &£.li£j ^jAjj CllJ^]l (j! ^jLojJa] cilljj (Jj^ ^\1 4 



tilliA clljl£ li] a^JjujJ jjujj-gI) IjiA 



. LgLgj jU^JI 4 a9jJ !3j V] ^Ja*_3 A_j£Jj A^)^JI ^^9 ^jujj-gII I-Iaj ^-fljjuoS 5 Ft/S0C ^Jj J&Jl (J-lx-G 



) (j£i J 4 M (jSLoJ V li&j (Jlu^ll U^)^ *lj W j ^jl_ii.Vi J ^9 Aj) A 

Lg1c> .A n'q^ll Aj-gj9 ^j-g !)Lil9 jlu]| (jjfLjjqiS CIj u^]( (jLjjud ^L^jV (JjjI£ju| CLj. 1^. lili 4 jjjj^JI jLjj tilJi L_flLujj£l 

A\^aW aJU ^jujj-g jm'i <LgIc. A jj^aJ ^jJj-gII jLj <Lgj 9 (j^ 
AjiL-aliljj (jl Ja^^S Cl ujll ^)Loi-g 4 ^ 6 ^ 2 l^a 1 I CllUiLaj^aSI ^aai 4_L^J ^)4*J (_^l 

. (JjjILgII jlllll <Lgj9 4 ^ ^Isfijl 4 ^] (_£Cjjj Clujll lAL)^ L 3 ^S 



A_jjuaj ^^9 4 - IJjailjjai 1.^9 B©3NnQ _JI ^9 (_]£1 j <-** ^)^l (j-a AiSuaui ^9 <- > (jl (j^-GJ djjjll A-ajCaGj 

^^Lx-aj l^a 4_L2 lj 4Cjjj]lj Ajtal^G 4 jJIx-g]| Ajujoj (jl Jaxj Ijli 4 DGA _JI (Jjlaj J!>Lk (j-G cillj 4 flLujj^l 4 j£-GJj Clu^llj 

.ajjI£ Aj-ia^G ciu^li (Ja.b Flashover dij.1^. JJ ajI^iI) ^ c5^jj lA-^ Ajtij^* ^Ssl Igj^Lj (jli Vlj B 6 aring J! 



^Ij^l {jaffiS 3-2-15 

e-I^JI (jljj.2 al^jl (jjfL (ji 4 > 1-Nj 4 f> n^k 4 A^jj-<J) ubj^ ^-Lg 4 > l^j jli A^jj-g]) SlC. 

A_jV 4 jJ! ^3-lj 4j! 4__laj A_llaJ! A^jJ-gI) ^Lg! jJ! ^jJa^J 4illi Ai^3L-G 4j£-GJ J 4 Jjj£jl 1! (JJjJj 

^.iSallj (i&j AHjj^k xn 4 J-G (Jja-xJI JJ Rad _ll ^ \c- j-g 4 ja.LuJ! ^92 j A_^jj-g 1 ( 4 ^*^ (Jjj£juI 

.Jlli tlai 



(J-gju ^j|^g]I ^.) A “y UJ^ (j^ 4 > (Jj^^gIIj C1jjj-g lij 4ilj| A_^jj-g]U A )n AJlxll! L—iU^aj^qll u^j 

A_^jj-g 4j) ^ij4J (jl 4 > ^jIj ^jj ^ (J^^gIU CIijj-g j\ 4^ c ' Wa |jl^_9 A_s9j!Lg A^jj-g c^vWj lili 

.4-fl9jj AJla. ^ jj£( j! 

oUst-G djjj-al) ^ ul^ (Jj^'g" l-Gjb ^jIILgI! V I^Aj 4 A^jj-g 1( Clijj^a AjuILg 4 > 

.Lg aJIxIg 



CojJI O/uJ Al£uLo 4-2-15 

^ < j. '•»“<* (J ^.141 Ikiajl Lj^uiS ja l^aj 4 Flangss Jl ^ jl ajjxu diLolaJ jl ^_>»j a ^j" 1 ' 1 i— u^uull ja 

jl Epoxy Jl sjL cJlil i 1^, (ilj 4 Aj^ia^ll LjJJjojJj CaS)\\ 4jlaliaCl I A_2xj.2j-G A_1 £juLgH 
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J.I 20 (jjfL (jl c . <llaJI ai& 4 clljl£ lij ^Jjjudll 6^j ^aliJ (JaxS JSj .AjLu^UI (JA l&jJC. 

<- > Iqj^c* ^jjoJ! (jl£ !i j Lai .^L^Ill 4jlx>c> ^xjj (JjS DGA (J-^c> <- . a-vj JIj^VI (JS 4 (J^.l.ll] dljlc. LjJJjuJJJ V 

.^UJll -fiuLac. (Jjs ^j\ du^l) (j* (Jj^x>'l 
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jij ^ ^ ^ cIjV j^a 



J^Laa « JJaii 3-15 



. J$»i41 6j) jp- Ap-jS ^Ifljjl J5 LLo 1-3-15 



JaJI 




;k,u\i 


$. till ilia du^]| (jl ^ja L-JLa>J — 


jjfc £j2Aj 1 (1) 

c_al£ 


ClAiLJ) j) Cl (J 

( 


tiUij L$\ QA ^JA C 0<lVn L-lrO _ 

. Jaj)* ^ 


Ajiilaj (.** u>n' (2) 

^ L_u)jjuJ lg_J ^ 




(j£ol (jj _ 

(J-gIx-G — 

JjjVill u n *t ^jl n^lj A A * *s|^q — 

Zj cIiV^-aI] 


jtnll ScLj (3) 




lL^j^aI] 4i^*J S.^ysll Aj^jIL ^Xc. ^jj — 


Djjp> A^Ljl (4) 

. Ja_L^all Jajuo^ll 




) dsl^j ^bVntJ .I^jjj U’ jl — 

D^li£ L-lLol^j AjcaJ^a C > ^ )A 

. Ujjc. j 


lJsI^S JJC- .l^}Jj]! (5) 




. £c la. fc^ll cj J jaiial! J! CIu^Lj (J jjjjj <■ I'n i — 


Clu^ll (_^jJjoi a ^6) 

. ^ 




>>> DjS ji ^A^JjuJJ AJLaJ) ^ — 


cjUf^L djjL Cjj) (7) 

Sludge Oil 




liUiSj Exciting Current jlp jliii.1 *!>?.) - 

A3jlx-o 


L_ll^( ^ jj^aS (8) 
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Oil Troubles J^-U Coj J5 Uu> 2-3-15 





C_Hjui1I 


;k,u\i 


jjc. cIjV^aSI djl^aa j! 

A j! a JjJLuo^a 


^ e-LJ) jL^j S^Lj (1) 

l \ \ i £ \ !«■> /\\1 ^^1! 

\CL 


(J^xll A^cuS 1 




Broken Jja-JI Jjj C U<\ (2) 
relief diaphragm 




dlLaij!)UH L-UJjujJ (3) 
j tillL o2 


Jj*J) dj 3 jLlkij 


l-aLIVIj dj djjlj 


Cjj)J! (j^l jjij -2 

AjJjuj ojjj^aJ 


jjil) du^l! 

A A\\kk\ Allxu3 (jl 


l^'j^' <jj£ (2) 

^UtSl\ 


uj “ 

djlcjx>-sx> £jte 4_iLac. jlilklj (jjjai^J — 

. JaxJ( ^ 


oj|p. 4^p (1) 


djj)l! Sajoi^I — 3 

^ 4 L>>j^^v\i j 
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^gl^Lia. jij ^ ^ ^ (jjall elV ^^.jaII 



Electrical Troubles £o^S3l J5U4,) 3-3-15 

:dittU JILfti -1 

djj 4 4 _aLo 1 ) (_)^b ^ jl Short Oircuit djj.i^. ^ • dibLallj a^LlIaII J br-.vi ^a Aj^b 

. Two Phases jjj Short .<. «Ub Open Circuit J ^ 

.>. «UI (Js.b ( Short ) jaa^II Vjt 

djIj^ ^ jjc. j-UijI djjda. jl Buchholz Relay Jl JUUI <> aJc. JjJous :aJc. JV-sLaVI aj1£ .1 

. ^ll^VI jliJI ^AjuO ^ (jllc. JJC. ^lijjl jl elljll 

(JjlxJI 4 iL jl (i JaJ ^ Jff (J^xJI JjAlJ ^1 4 Short eljl^J (jljj ^g_JI L—lljjajVI ^a&l jA l AjJjual . L_S 

lj]j JjAal Cjj^. <- > J* J IaJJj U& ^ elljll iS jA ul<c> J**aU^ll <- > ^ J J jl ^alt&JI 4 - IJjuAJ jl ^^gfLll^JA 4 - AJjuJ 

.overload 

.Jl A q)n u ^ jLk.JI j^Jajjoa 4 : * jl a&alA DO ^ ^Ii^jjaIj phases Jl (J£ ^_gi eiliLJI JajUa (JjjIjS I (J^JI .Cls 

. .IjjJI JajIV'i^ A^Luij dj^jJI (JjJjuja j)A l£tJI LlaJl 4 J^^Sj .^!>L-aVI lAlJ ^aJ 4 Short 



.cJsLJI J^b ( Open Circuit ) ^LiJI LiG 

. dljjll Jialj ^Jakll <jakj lie. ArC -JjJ 4 ju*n 4-Jc. (J.Vunj :4_Jc. JVIJjujVI <JiL£ .1 

a j > mj JoUjl^jj^ c 5 j£ s nxtj terminals Jl (JU^aajl jj-as c > s n*n (Jj^aj-JI jl 4 ^laJll (. <Sa j>>» ! 4jI uJ . l_s 

.(Jj 3 jj^aS j)C. 4_alll 

(jjLuJI (_JIasJI ^ Ia£ eisliLJI J^jtLo jjjJaj Phase (J£ 4 )^J^j j^a^JI i O^JI .els 

LJ jj^uLuJI jj^_ 2 L^ll ^ J_^jtLJI jl . w'hm (J-J£JI ^JaJI <11^. 4 tJ,JI a I j >> 

4_2l^]| J-ojtLo jl ,W*nn°l (J-ol£ JJC. ^JaJI jl^ j\ Lol . J-ojtLJI ^J5 (. <l» k^i ^jJc- (Jj^a^Jjud3 ^JaLJI 

. jj^kVI j-Q — b_a*jJa]| JjjJ j^J — ^ nun JJ^I L_S^la*-JI 



Two Phases j^ j^\ 1!JIj 

.AjLiaJI ‘jjjaiU j-a eisj^ll jjUajj AjjliJI AjLiaJI (JIsujuoI c > iiui j 4_Jc. <J, fi > mj IA_Jc. i^Slu^\ A .1 

^gi JJJ^ ^^Jjl — el ujll (JjJjoj- 0 ^jlali^ll — eljjjll ^ ^Jjiaj — ^altaJI 4 JUal AjjolJjII Jjl^sJI b_Jj IAjUjujI ,L_S 

. ^Jelxa 4jc. L^a C > 1Un J ^£11 e^aJl 

. jaoxJI aJ^jujI^j eiULJI (< j-£xaJ : (JaJI .el 
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^JudpJl cJLaJI JUac-l 4-3-15 



lg_iAj t SJ-IxIIa ^ i QjUl *i* ^\1 L_l]kll (JUaC-l 



> J 



^jlflj^a ^jAJ J>JI L '<lx,jJn 

cilliSj Ajj]jIc> AdJaj^a. ^lijjl^ Clu^]| 4_lLa. 4_jlc> (JjlLolj !4_j1c> (JV ^ >■ I 4 jq .1 

. No-load Loss ^UjJ ^ JJa*]! )i& 

^JLjJa^A jl £ jjjoi l AjLujjI . L_J 

. djlx^a (J aC. ^aJ CJ.1^J J L_llk]) • Cl J 



^jlix^a 

ciu^li tTiYwni j Buchholz _J) ^ jj^Ja u-* cJ'^ ut o iaJc. (JV-CLjjVI a jaj£ .1 

. ^JJUJ^IS Clujll 

JaJ^l) flij <■ - IJjuaJ jl 4 l ^ JJJ (J^xJ) jL^jl L . V Lk V cJj^ ^ (JdL (jilljAx ^ ^jiliaaj (jjj Short Cllj.la. I 4 _Ajjuj) . L _1 

. dlL^a^S (JaC. ^aJ (J^xJI 4-lM ^]>^j • (J^ • < *— 5 



: jjc, Clijj-a 

* 13* ^JJC. (j-a djjj^all <d Q^atJ (jl 4 *^aJ LajJ (Jjj*\ a! 1 <ULaJ £jtiA (j^adjai (_£ I :aJc. JVcIujVI .1 

^)JC. — L_lia]| JaJ^)]| (. <» — ^J^)jud]| JaJj 4 _AaC« C <1* >>» I 4_AjjujI . L_5 

.4-lajj l_iM jt ls j\s1^\ iJaJI . ds 



.ojj» Cllju^a 



^lijjl dc- (Jj«s a\ 1 (Jdl^ ^jjjuall ClijA-a ^C-Lx^a 1 (j-a 4-ilc. (J, Vi > nj .1 

.<jJajj-o JJC- (Jjj*\ a! 1 (JdL 4n\* x> — ^gjJajVI tilLoj ^Jaa : AjLjujI .l_s 

. 4_j 4_x-aldJI (JdL 4 _uAx_a]| (J^ (ji (j-o c > I (JaJI .Cls 
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jij ^ ^ ^ <*— jV 



& 

: iftjJLo gj9 - 1 J5LLo 5-3-15 



c> 



: Bushings (Flash Over ) -1 

l*M-v n7jj\l lIjjIj t (Jjc- jjj^a ! I^jLujjI .1 
Cjjjja ^gJc. Clll^jjuj u..'\. u ^?sl£ Jjc> ) Ijj^all JLJa dlLli jl) (j-a : (J^JI . L_1 

# CJjL 



4 N J*V X ^3 JJC- ^ ^ 4_-Gj3 _ 2 



^ \ i ^ /% f ill A-ljUkiJ * C_UjUklll 

. Jp-JI SIl^jj jauu J L^jaj Terminal board L-al^Vl -^.j] jauu LI : <J=JI 
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J J (_£ jill CjV J^-A £^>^31 
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jij ^ ^ ^ diV^^-a ^£ ^^.^>a]I 



j,l)l S=UI 

^UIm a=*l ia^lji 

Name Plate Reading 



^^Jc. cIijjj 4 Name Plate -1U cJi^aj a_ ij.ixa a.^oiL^ ^^Jc. ^i^JL (Jj^-aIL AjL-saliJ) A_i^LajVij A_AlgJI cIjULuH 
l aA^s 6 a£U> AjjiLal) Ajuaij (Jj^ a\\ Name Plate -Jl uj*^ cs^ <*— iIa^I*^]! ^ <. asjjjj - (Jj^ a]| 

CjV^xaI ^oIaj ^ (j^ajxjjuj j .AjULij a_^] c . cijLoji*^JI cj ij|) IaK (J xJl ^jl£ 

.djUUJ) £>i& ^j-o o^lijjojVI A jqj^ j AjjAaI! djULull bjSsl\ S^-Axllo 



U a cjjjjjIIj j 6 cjua aJUI! djULJI J£ j) (j^aau q^jjoj djljUJ! a^jI ^^Jc. AjjAaII ciAaj1*a]( <jli t Aj!.ij 

l ^)JC. 



isjjjw OIojIsa ^ 3 ! 

. S ~4j , ^3 (J£LiLo jl (JUaC*l ^yyj aJIa. ^3 tyjjyJa • Ajl±a^a1I A^)4JI ^wjI — 1 

sjjiia ,^jj 3a : Manufacture Date gjnXill Aia. -2 
• 3-0 ^ 1 _ 0 ja Ja : No of Phases a^.jV I 33 & -3 
•aj^UJI Sj[pJI A^p (_j_j3 ^-UjjI ^-^ 3 ! aj a^>Lj : Max Temp rise Sj[pJI p>p aj ^lajl -4 

Frequency 33jill -5 
Polarity AjJaall -6 
Insulation Class J>ll ^y -7 
Serial number J^uLu* pj -8 
Rated Power spall -9 



Vector Group connection ajaUjVI Ji^apll k^y^ -10 

Impedance voltage Aijl*-dl ^ -11 

Short circuit time _>-aall <>j -12 

Total weight J^ll <jj>ll -13 
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Oil weight ejjjil <jjj -14 

Type of cooling/Cooling Class jj^II *1^ -15 

Rated current (jjiall jUil -16 

Rated voltage ( j **-» Jatij <>« 4_kiij J£ ) jjjLdl -17 

( Basic Impulse Insulation level ) ( BIL ) ^JiM\ Jje. l_i_^ i« -18 



I^L LoS (J ia CllajLcdl odis laat Jj 



J^uoAll ^Uso Olojlao LSIj 
: Serial Number 

(Jjj)^ 2) 4_Lo 3 4^)X-a q^.aJj 



: 1 — 2 Jilt 

(jA AJal jn<uit la { J^> * 925554 

: 

^ "75" j) 4 1992 "92" .i ai^j <jc. <j [^u Uub jLaJI <j-o ^12 lj JjVI 

6 2002 "02" j t 1975 JH* 

Jc- (jLj ( (J SjjS (Jjjj 6 4 JLull) (j-o 2212! ^)]( 12 ♦J 4 



50 KVA 


l£jL^ 


*jS$ 


J* 


cJj^ 




1 


100 KVA 


(jjjLaaj 


ZjS* 




cJj^ 




2 


200 KVA 


<j?jLa2j 


b^ 








3 


300 KVA 


(jjjLaaj 


b^ 




<Jj^ 




4 


500 KVA 






ji 






5 


800KVA 


^5jLaJj 


b& 




cJj^ 


cs^ 


6 


1000 KVA 


(jjjLoaj 


b& 




<Jj^ 




7 


1500 KVA 


^jLuJj 


b^ 




cJj^ 


cs^ 


8 



. £_L^a2lj Li Serial Number 21 L*-g Ijj \x\°\ x21 <2212!j ( ^ 5 jl2!j (JjVI ^)]li 4 l)_iklj 

• 1992 Ajjoa ^ju s\a 500 kVA 2^^^ ^ z ^isu 2Li22 _j^-^ 2! ^ic-j 
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jij ^ ^ ^ <*— jV j^a £^.^21 



( ONAN - ONAF- OFAF ) : Cooling Class vjU 



.til Jj jl AiL^a]) aJlA ^al^^Jjail .lie* (J^a-21 A jjiLdl Sj.2) AiL^la (_]£ laJjaiS (Jj^ 2] *^)f J A^J^la U -0 2lj& lilj 

Jjxjujj ^jj ^ T 1 (j-a (J^l Aa^p ci±jl£ lij Convection (J-a2) cijj^Lib 1 &.i^jj ^jj cJ^j^aW a*2 JIj2) Jjjjoj 



jli j j-v 21 li& 21a. t T2 ajj)2l cijjjUj lij ^j]^21 Jjxjujj t T1-T2 (jjj Sj^Jl ci±jl£ li] qa $.y*. 
SjJ Jus aSJJI ftijVlj 4 ONAN / ONAF / ONAF 45/60/75 : IjSa Cooling Class J1 

. ^J^)jj Aibjla (J£l A_Ujjli2l A 221 21 



: MVA Rating Jja-J' SjJfl 

C5^ 6 (3221 .21 ^ La£ .1^)21 C_J jl2 L-bal^. tilli j Jl2 ^1) (J 2\ 'ojS$ ^JA JJ^l ll2 (JjfLl (j! (j£-GJ Ajl U& laa^l J j 

jjiLJI ^ spill jc. AillL^ AT2k 2ji2l ojSk II (jj£laj 2121 &i& ^ Tertiary Winding 22G c iL aJU. 
. (Uj2 LaS Cooling Class 2) ^ jj*j 2Ua <j£j ^ILa) Si2j S;2 l$J <. _ I2a (jjiLa IgJ <^11 ci>Vp2l 12 •ua>Vl 



?KW -fb KVA- lb SjJ3 Jjk 

J ^gjxj li*j t .Ua Electrical output 1*1 Jj mechanical output!*! <j2 jjj^II L> Sc. cS^j^aW 
l^y*j ^ Aj (Jj^al2l A arjjln c > u>ia 1 I 0 (j- 6 ^*2^ POWCT factor AJ Q^£j (jl (j£-oJ (J>^2I i^ja ^jl2l jl2l 
( KVA JL C_ fl^SU Iaj)j 6 IJa^ (jj^l * t) I^jV KW JL (J C_ fl^XJ j! L-Loallxi JJC. ^ H^>J ^aJ 

. (J^^Uj ^aLiJI P.F Jl c > unA KW JL A_xua ^jl c > Vi 



Voltage Rating 0^' -4^' 

Dash (-) or Long ; csAi 1 ^ 4c._jiLa diL5lc. 4 j51j lijli j jiLaJI ^aJI Ctj£ 

Slash Jl Uj . HV and LV Jl oULJ j^Jl ^ Dash JU . Dash ( ) or slash (/) 

<jjj jwJI jLu (j-JJljj t Phase Voltage Jl c&j Line voltage Jl <jjj J t Taps lie. ^-iVn,^ 
Jlj Line Voltage Jl <J <SU. ^Jj -V3 (^jluiij <_ajj*^ Phase/Line Voltage Jl <jjj JjJI <j^ o^liJ^VI 
. Accessible l$JI Jj^ajll jJu Neutral JjUJI JJi o' La 51S Phase Voltage 



: 230000GR.Y/132800 - 69000GR.Y/39840 - 12470 : Jli. 
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^ ^ j £a.^dl 



230kV Ia.^ <ja JLJI ^J( dAiLa . Dash (-) l-u^ ^ja)j Laj 4 3-windings <1 Jj^d) ):ia 

ujjjI* <LiV tillj Uijc. 3j t 132.8 kV <_gjLu JLi' ^21 Phase Voltage -S' j 4 ^Jajyj Y J3L ^Jc. 

l^iaj i JjV' Dash 2 ' .i*j jfrSaj ajLo j i. <H\ JSijj jj i 3 ji^. ^jL u o^ JOaS'j Slash 

Phase Voltage -SI j < L=J (>=j>«jY -S' aL^Lu jAj 69 kV 4 <_sjLu N o 3 ^' Line voltage 31 jt 
tjuu 'i$i La^L Phase Voltage 3'j Line Voltage 3' o' . 39.84 kV lsjLu (j^Vi.31 ^=3S 

jAj .iOj “3 Lj31l Dash 3' < . ' j& * j dJlOl i_aL3' Jik |^ii.lj 4 l$3) Jjj-ajJ' o^-u Neutral JAILS' a LL o' 

• tib cU^ aS\ J 12.47 kV 

: 43131 y ^OmL : 2 ~ JliL 

69000- 12470Gr Y/7200 

a Safljj a ■ aj ^)Ooj a 1 ■ -j a ^131 S' djliLj 4 69 kV ^jLujj 3- a 1 ■ ^ ^ q ^ ^ dial* 0_^-3i 'Ob 
^LaOL £* . 7.2 kV <_sjLu Phase Voltage 3' Liu 12.47 kV ^jLu IgJ line voltage 3'j 4 L^L> IgJ iLLiS' 
. 12.47 u-3j 7.2 69 <~3u o' turns ratio 3' J&. o' ^ 4 ;' '3 ^ 



( Basic Impulse Insulation level ) ( BIL ) — M uj^ia 

^ j' A 'Njn 'sll ^Uj J^\ (JxtV’s ( ^lc« (J^L (Jjljjdl ^ BIL ) 4_xu3 

. ( ^ic. djLLaC. j 'sll kS\A £ja 

Vector Diagram -M LiUjk* 

La (jl "^LIa l > n^j (jl£ Jjj-o^h allax-a <jj£j (j\ Liajl ^^gJaJU q\ 6 ^A 

Ja^JI 2 . w ^ aaaj .a_iaL^jV 1 ^Jj 1 1 jl 3 jl 1 »^d] Dyll or YY3 or YY1 

( Phases shift ) ^jl >4 <— ijL^. ^ Ja^J! (jiaikid) ^ 

.L_j1j^]Ij l^SLjJaj-O ^3 (3fJUJ l t S>^ 4 30 x <c>jx>-sx>ll f&jj CJjjJaJ lAjl^Lo 



Connection Diagram -M 

\\ ajjojLIaII ^ \ u ^ v ^ b Llajj V 4 Tap Changer jl£ Lj Lu^V 1^. oiAj 
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jij ^ ^ ^ <*— jV 



Percentage Impedance Z% —S' 

Power rated -S' lsjLu MVA Base *L> aj>u^ uj^j Two Windings -S' cu^-d' ^ siaJj Lua 

. Jlldl L£ ji.V t— aLa (j* Z >. itiViL 3-Windings aj jL 13] LI . Jja-dS 



: (JL« 
: L 



Impedence Volts 16% 230000Gr. T — 69000 Gr. Y Volts at 75000 kV A 
Impedence Volts 14% ISOOOOGr.Y - 12470 Volts at 26250 kV A 
Impedence Volts 12% 69000Gr. Y — 12470 Volts at 26250 kVA 



16% csjLl (XjilSiSlj ^LuV' (Jjj LualU 3 winding aI J ^ SilL_a ^ l$l Z% LpS ^ ^ ^alj JliLSI 
Ljnm^aj 14% <_sjLu Tertiary Winding -S' ij^j HV -S' o“ i^jA I Z% LL Liu MVA= 75 ^ 

. MVA= 26.250 aj>^j 12% l*LuS L2L1 LdL' LV Jl on ^jA\ ASIBIIj MVA= 26.250 Jc. 



: 61^' 

Cluj]' t *j L A3 ^)*-g ^3 Liaj' Jjijj ( AJallui ^uS' (JatSI ejL ^ jj 'Q~'l CuV^-aS' ^ A^-o Ls^LLI dL 

• «L-Vl 

Pressures JajLuall CjUjin 

J' aLuLj Positive Pressure iS ^\ nL^k* LhJ dUluS' a^ 
ii& sljiuuij CujSl Jjp. cuLjLuoj Vacuum Filling J-ac. alii aj ^ Pressure 



negative i _ r -a3'j Tank 
. aj^L 25 
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J J (_£ jill CjV J^-A £^>^31 



4-JLo^ 





AT QfTHI ELECTRICS 
UL9UH CORPORATION 

matUOKD ILLINOIS 


DRY TYPE 
TRANSFORMER 
CLASS AA 


KVA 


880 I 3 PHASE 


HERTZ 


60 


VZ 


|*C RISE lSITC 


LV 


208a (PHI) 10 KV Ba 


AMPS 


-M • 


war 


«7oo Ilia 


H.V. 


400Y/205 (SEC) 10 KV B1L 


AMPS 


tic 


NO. 


A01425 



LV 

TAP 


VOLTS 


l 


223 


2 


208 


3 


its 



POLARITY 



HIGH VOLTAGE 

X2 XI X2 

»rr~ a^j - a rr 

^ y>^X*>jjULl iV^u>AAlij »J.>J>JU>jjjj 

1,2 

HI— (-H0 
H3 



X3 

■' I 




r~i 

H2 H3 



LOW VOLTAGE 

DE-ENERGIZE TRANSFORMER BEFORE CHANGING TAPS NP-309 LV 
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ELECTRICAL CHARACTERISTICS 
WEIGHTS & DIMENSIONS 

20/25 M.V.A 66/11.86 K.V. TRANSFORMER 



DESCRIPTION 

Standards 

Type Reference 

Installation 
Max. Altitude Of Installation 
Rated Power 
Type Of Cooling 

Rated Voltage Ratio At No Load At Principle Tapping 
Rated Voltage Ratio At Full Load At Principle Tapping 
Frequency 
Vector Group 

Load Losses At 95°C Full Load ONAF And Principle Tapping 
No Load Losses 

Impedance Voltage At Rated Current And 95°C 
Fans Power Consumption 

Temperature Rise 

Max. Ambient Temperature 
Max. Winding Temperature Rise Over Ambient 
Max. Core Temperature Rise Over Ambient 
Max. Oil Temperature Rise Over Ambient 
Hot Spot Temperature Rise over Ambient 

Noise Level 

Weights 

Total Weight Of Oil 

Weight Of Transformer Ready For Shipping 
Weight Of Transformer Ready For Operation 

Dimensions 

Dimensions Of Transformer Ready For Operation In Meter 
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IEC60076 

3-Phase Oil Immersed 

Power Transformer 

Outdoor 

1000M 

20/25 M.V.A 

ONAN/ ONAF 

66/ 11.86 K.V. 

66/11 K.V. 

50 Hz 
Dyn 11 
93 Kw 
20 Kw 
10 % 

3.3 Kw 



45 °C 
50 °C 
50 °C 
45 °C 
60 °C 

< 73 dB 



11.3 T 

43.3 T 
51.5 T 



5.65 X 3.9 X 4.05 M 
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jiallll jaloll 



luj^all ulmll Jlocl >ul 



AjLu^a Cllljl^j Clllc^llaA ^ja aJjVi^ 6 AjLu-all (JLaC>l ^aJb) ^j^>* J ^]j Uu3 



♦♦ ♦ ♦♦ 

dJLuJI ^ OJ^l^ 5 j^o i£j &3 ^xll ijLu^aJ) 

♦♦ ♦♦ 

:^ 5 Aj Jja^ll s-j^VI 4 )~iOLaj L >Q J^" (_5^ c ' a CAj 

^)JC> (Jl-liludjj A^a£jj3-<^ ^LaJjVjj A-Jjij'lM AJjjjj ^ ^ ^ jl ^Laull jl ^)jud£J! ^Lnll * 

. l^_La ^JL^all 

. Ig-Lo L-JjJax^]) (JI-lCLajjj ^JlxJI JaiuJal) Clijjg \Ij OOfltdCtS JaJuJaj <. q ]3Vn 

. IgJ ^l£^Vl (j-<» ^UJ]( ^Llixi cl jj^I! ^-Cjj ^IcjuI ^ja 

. IgJ ^JAjouJI C1jV<A*-a]I (jc. Clu^]( L>° c£tll! 

. jjjIjJ£)1!j Cjpl! CJJjb) AiUajj Aj^llH £j[ y* JaC. Aa^L^o (j-a c£tll! 

Aijijaui L_ fl^C- (J^lc Aj^JaII C1jV^-a]| ^ Aj^^^jII UJ^ C . pj 
(Jjp^ll Axjti]| (JjAj£]| DJ£p) AJojojI^ (JjpaJj C > pj 

<A2kjLkJ! SjIcVI ic£j jj.W'iII djjjLuolj AjIa^J) S^pJ (J-^ 4 _a>Cjj (j-* c£tll! 

. 4 9 A^jjaJI c ^ n*^ i.^t-v \\ J djUj^aljAll o^l^lj (Jjpx^l dlljj^A AIjUoa ^ja L_pj 



OljJu* 10 J5 6J^l3 ’SjA iSjSZJ I £)LuaJI 

1 A_ii\ni\ (JIac.vi (JaCoj j 

(Ja c£tlll Jj^J! ClsliLi ^^Jc. A_iJ^£]( dlL-ap^al) e-jpJj ^jaUJ^i Ajjp L>^ (Jjp^'l £• jp] • 

Aj^aSlj jl Alxil£ Open dsVl^ AajIIa]! ^) 1 cLo 

<La!> L uj cStlllj l^Ailajjj A^jliU! 4 j ^v w\l cila c > lUo'n j ^ L-ilkll ^ja CljliLal! Jlic. • 

f\£^Jy 4JaJjj \$*\A<\ ^ c>J 

^l£^.lj l^JaJjj A_lxiLiVi 4-olc.^]| C ‘qjlVrij Ajj^]^aLoj 1 c£tlllj ^al£^.lj ^jiaJjlj]| -2aJj Sclc-j • 

1 g jj^jj ^Isuj dj u^l l_luj!jj (Ja c_ilajjj AilUl! l^Jjljc. djlaLJ) c <ajq^ ,> i • 

Aj Aj^aliJI Contact Jl C <a j )o Tij JaxjJall ^tiLa tils • 

l^jLoLiJ AjtLo (Ja Ailtll! (JbjTurtlj ClAaLJ! dsUl^j c. fljhn • 
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jij ^ ^ ^ <*— jV 



^j-q ^aLiJ) c. qjlVnll 4-iikUjj A_i2kjLiJ) L-b^a dJIc.)j Clu^l) l_Loj)jj ^ L ^2ajj 

AllAjii 4^1^ ^gJaUa^]| (J^xJI (JlAiLujjj (. ** ^ ^ r - (_|aC> AajJj dlLol^J .l^jjJ 

.du^ll ^jAjoU&J ^-T^)-^ U ^ -0 ^-G^-JUd j^JA L_Jj|jJud]|j Clb^ll U -0 s-UaxJI <. Q l In V j 

lg-La 4_allj]| (JIAiLujIj Ig, LaC. ^Uadjl ^Jua aJo^^Lqj AjIBjJI 
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j j a ^ a j } — a_ijj££JI (_£jjall dVj^a 



^IMl^UlO 

J^aII ^bj Jii UiUljA Jhijl “ilUlii^jl 

: i^sll jii 



— : ^gJj Loa dtillj cijbLiJi a_^j] Ajc^Jja — 
. AiLbaJl ^_2kj (Jj^k a' 1 dsliLlJ A^jl ^ >J^t JjjUaJ — 1 

. A£jjuJ1 ^2)Ia]1 £jJoj]1 ^Ic. ^-aJl jj*_a £daj (j-a *^1^1 — 2 

. (Jj^t a\ 1 OJ^3 j)A %85^(J-<^Si 6J^S (jj£j l** lAJkJ (Ja'sII SjJ9 (jA ,j^l (Jj^<q 11 fij^3 (jj£j (jl C - l^vj — 3 

~l ^Jj L AA .dtillj (Jj^ a 1] (_£j&Ua]| — 

. (jjjlk'Vl (JjljC- L - 5 >^!>?* jl C5 Jal A^^ (jjj^l dljlj^ (j* d ujll LjJJJjujJ (J}\ ^j2j —' 4 

. lg_J ^jjjud jl jxd ij?\ ^2kj ^a.}Cj ^ 0 JJjoijj]| ^(Jj'N a\ 1 JjljC AiUaj — 5 

. .aiaj]| jj]j^ A_iiLaJI (jA (Jal (jjfLi Vlj (jlj21 A-^l^kj ls^ duj]| jdu^ ^lifijl o •* -^Idl — 6 

^9 1^ (j£-<u3 (_£.^jj]| jl (jlaJjVl JJ*J lilj jcjjj! lg_jj] (jjd} <■** n«\ j (J^.l^j\.un\l S^Ia A-i^L^a (jA dti]| — 7 

. Ujjj*j jt (jjjjVI l$Jjl d dd C5 l^ ^° 200(jja 

. jjajaj^IIj jikjj]| (Jja (Jj*\ aIL A_x^aldJI aj^-^Vl A_l^yL^a (jA — 8 

. d uj]| (Jjc. J (Jjj^ajjll Ajjjj.dx.tilj (Jjjdi]| AjjoiJj (JjaJI ^LojlLd <La!>Lai (jA ^£tl]|j (Jj*\ a\ 1 jl n^kl — 9 

Ajj^lii] ^jjjdia ^jaj L_i2oj 4 a x\~n >. ^a AjjoiILo Aijc. (jj£j (jl (> _^c.jjj Aijc. (J^.1^ (Jj^ a\1 l_u£jj aJL^. — 1 0 

4 S-lj^Jl £JJ^J (Jj^-aII Jc. 1 ^IdaxJl fiLdVl (_gja.Vlj *^jyi (JjdJ (j-ajVI (jA AjJjS Ia&I^J (jJ^LjaJA (jjAldjl 

. ^Jlx-A c-^luti (ilLudJ clildiill o JlA A-ikiu L_L^JJ 
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jij ^ ^ ^ ] — 4_u^£JI CuV^^a ^£ £^.^>a]| 



£lljll jaloll 

£ij)i "llSiiii jJs Jodi d Ugi ael)i 

- lyaSll 



£, £ 

-: J5P4A 3] dSS (J J^sJI JJLfr uo)l jj»VI Olclj^j 

. 4uljjojjj ^l£JI — 1 

. 4 A jl_jj^a]l Sic. — 

. (J^.J! (jj£l£juJ 4jjUa ^i>^j '^ C ' _ 

. 4_AjjojIj (Jj«afi]| — 2 

.4jo iij Jj^a]! Cluj jjjsu Sic. — 

. (Jj^fc aN JajuJjAAli ^'1 Clljjg t^lXl jjjxj dc> — 

J^sdl ,J cJlJI JoS ^LuoJI j^l Olcljj?'] £Jkl 

♦♦ ♦♦ ' 

: ^1 J*^dt * 

. A j (JaxJI *ia!I Jl£_aJl CuIjAsla ^ja*n • 

£jjjj 4_^1 — CLi^j^a — 4_laa»A^ dllg_aJI ^ja'S ^ja jLulU tiLuo£il I^ua (_^Aij (jl (j£aj Cu\j,^la]| ^ja'N (Jj-aS • 

dsL^l £jJaj £a 4 qU a\I C-^j^aW A. ILa. 4ju^al]|j JaaJI ^5^ £jCajj £a •( (_£^l <-^lxjo£l — 

. ^ (JaxJL jjpulS (JIaC- — (Jjj^ajjll £-^iAA ^ 

. ^ A ^ j 4 \i.^> j^\l ^jj£\£jaJi L_S^)lal £_1A^. < ^ic- ^jjjia ^l.W*nnl j >, Jj^.j ^JlC- jjA • 

. ciLuo£il jLn]| (j\ (J^aa]| ^ja ^Ull JajajjJAl! 'sll ClL/ijl£ cs^ LS J ^J^ £-^J * 

(> ^jj^JI (Jj-aall Sic. 

[A^uikl Jj^aS) 4 JI Aufl j) LJJJ JjJu 

. 4j (Ja*JI cI^aII CuLaxa (Jj^a3 • 

. (Jjlc- ^jU. (JaaI £a (Jj^j*-<AI C_flUa^JI ^l^laujoal j! 4jj^jx^AI JjII ^ja (Jj*\ a! 1 JajujjJAll 'sll 4_u£juj (Jj-a3 • 

. ^Slja (jSj lij ^ ^ CuL^] ^jJajj 4_lALaJ) $.]j^VI (Jj^- JJ^ (J-^ • 
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. H^sJ) (jJHo ^(^JjojU ^ ^jj^. — (J>^ ) J Xill L_fl]^)ia( i _ 5 Jc. Hg ^ H^j ^Hc* (j-a H^Ull • 

* LS^* LS^J t^J # 

. Ja^jlHI J^aJI JJJ*J He. 

. ^jLkll (j-a Clljjjjill jjxjujj Hie. • 

. i^ja Clljjjjiil A InLall Sjj* xVnll ^jJaj • 

/ojJXjujjl) JJJXJ ^AC’ tillij 6j]jJUd]| S.liLV jjjil) (J^b ShLg (j-G • 

. A six X>'l lL^j^aW ^c. Ah^aH (jj£l£joJlj j) lL^j^aW j( (J^Jj jjJS^ AjJ^ 'bj£*-^ L . Ij^JJ ^HC* • 

. (Jj^ ^ (J£ SjHij C. - Ut1*\ A \\^A Clj|^JJLjaljj CljjjjjS nljlC.1 • 



Q. 

Jl^JI ^ 5^-5 ^Jie j-o aS'UJl 

— : Ajj'i I 1 q >lallj Y ^ M J j2l j JC. (j^i jStlll 
: (J^i\ ^Ujl Hfl-aJl (JJXG (JIaXJjoj) HiC. L-l^Jj . 6 ^XaJ) LjJjojLLoj HUjJX-G Hg ~N (JIaXJjuj) — ^ J 

. l^jUjjaJ (j-d A'\)-\'^k^a Snlgjal ^!>UaVl 

. !^\ Aj (JJ^J \ \ x XI (jl (jlAn (jjfLi ub (jj“^ u' 

. cilll] *\\ A^)lxJ| ^ Hjtj ^HC- Jullj HjOJUxIl l^n,ix> Hie. (jl L_L^J 

• A ia£>q t l Aisj^^alln A_jjjb^j A_lia1 

.Ajjj-aj AjUa] jlilkl Snlc-j 1 > s-UjI AJa^Laj aJL^. ^ij (J-IIaI] A n'q^ll A^J^Iallj Ajjj^sj AjIia] jlilkl Snlc-j 

A_g_a* CllLuixli] liila A n'qxill <9J^}la]lj Hg (Ih^ c . (Jj 6 <_s-^ (j^ 

. ^ n^i\l 



Ajjj^^ai-o AjAilill jHU-aAJ A U^Vlx>ll (jj£l£jaJ! ^jl ^}Iai]lj ^UsUll A-Lolij^I £Jl}j — ^ L_S j 



— : ( ^jV1 aJsl^Lo l > (jikjLuJ) AiLjaVU — ^ ^ 

. Cll^>Lx-aj^]|j (JjjjJtJI ^5^ _J C_il|^Ial Hie. Djjjjud]! dlljj^aj • 

. Cli^Lx-aj^]| ( Ijjj^ ^ _j) <*— Jjj-a ^)j£ • 

.^A^all ^5^ J **[? UJ^ (jb A>r fc J ^*^ c ' * 
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t ft ♦ 

^jVI ^03 

^j-oj 1^ t. ^j]| jUll Alslj]| A_2xjl Af£}lj]| ^ic* 13 **01^ ^ L ^ £jJaj ^aJJ ^.sJI J^Sxj ^-^C. ^j-o ^ti]| JlxJ — I 

^Jc- l— fljjuui]! j) (J^h'vViaII ^^jll (Jjj-Ia^a 3* CllLulxJJ dlli j l^JJ ^ .aJl (J jj^aj l^iU^a ^jC- (j^J ^gH]! djlg_aJI ^JA'S 

. Aaxj 3**-^ (j^ Aa*j) a£>IjH (^jiaJjlj l_ 12 ^Jj . (J-<i*J) 

. (jl^a *^*Jj (Jj 3 ^^aljJaj ^gjJajI (^aC- ^aJJ — L_J 

_ : ^LjaVI ^gjJajVI ^ AjjVI JajjAS) jfiljJJ (j! 

. ^)Xjuo]| dlLJI i^ja ^Ld 2^35 (jC> d2)Lx-ajA ^la^A 3^ Vi 

. ^VuhaII diLuall ^xJailA ^jC ^aa^I ^Ja&A (J^J V)j ^JJjojIj -0 A-Luajj^J ^^dajVi d2/Lx-aj djllA^ld dllJJJ ^aJJ (jl 

. ^)^_d dj^lj (_]£ UjjJj 3i- A3 djudl lK 3 * Aj AjL-aLaJ! ^LaKIIj ^^sldaVl ^gdajVl d2/Lx-ajA ^_y aad ^aJJ 3 L—La^J 
. Ig ^1 *»* ^ £_a J£ 5 Jj 2 x^a]| AuSldaV I ^gdajVl djlc-jA^A ^j 3 jj c - la. j 

din] s^aII ^lvi ^ f io 3s ( .. . £jjjj Aa.^ j dLua£ j aJlx-ai] A_ia^ajl]I ^gdajVl Adjdi AAjliLa (jjjUii <■ > 

. AjajaxJI A^jjudll aJl^j Adajj-^i ^.j^aVi ^x-iAa. 3^ k ^ ^ *^r^5 U -0 

^ajSlI g9j3 g^<£>3 iibjJo 

* ^g-dajVI (J^JJ £-daj (jep ^dVI djI^IaaJI ^Idl c > l^j 
(jjj^aadu A9 ^)*aj JajVi £jdaj ^aJJ ^jlj ^^gjJajVi £jdaj 3 ^ SAxaIIj (j) 3-d^-^i Ada-dl! c > ^ I j 

M'\a jl JjxdSll JjIuia (jj^ (jl L_La»Jj .3^^^ cs^ ^C»ll^a]l (j -oVi ^^3 Aj]Ij]| Ajill ^ja Axj]^]! Ajill ^ja IaA ^.1 

. ( ^gjJajVl ^da^J jxdai ^jjj^aado]! d^.1 3^*-^ 



~l AdVl djj^IaaJI ^Idl l > ^g^ldaVl ^-daj aJL^. ^ L_J j 

. ^gjJajVI Adjdij ^gjJajVI CIjUaK c^nfu <jI£a c fljhn • 

. ( ^gjJajVl dj^Lx^ajA • 

. jjaLuja aLjojIjJ Idl^. tlmj ( ^gjJajVl Adjjud ( ^gjJajVl djl JaK dj^Lx^ajA C** n fn • 

Jajlxjdj ^ U^aC.^ (33^ ^aldadxjjlj ddjA ^^gjJaj! 3^ ^Jj A laxxil^J ^11 ^2xj ^a^ ^ja ^aJJ • 

. dltMA Sic. 33-*-^ Jlid> ^a^Vutn ^Ij AjA^yLoi 3 -0 *^nil Ailid s^Iaj y $j^yu& 33 ^^ 3*^^^ <^11x21 u^ 

.dj^Lx^aj^J) A^^. dxj d^.!j ^IdaVI ^gjJajVI A^ja^-aI d; (Ai • 

. jj.Wi'l j Ajj'nll djtlaV (3^*^ J 3^J' J JJ^ • 



: AdVi Aij^lallj ^IxiaVI g^dajSn ^aJJ ( ^ ) 

A_Sjl*JI Lx^ax]| ^aldadxjjlj d2>L^ajA]lj A U^ijaII ^^IdaVl ^ dajVl djl JaK ^aJJ • 

. ^gjJajVl Adjjud A U^ijaII ^^gildaVl (> _gjdajVl dj^Lx^ajA djl jaK ^ijj dla ^aJJ • 
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:4jjjxJI £a1>a 2! Vjt 

. 4_i^)££JI CL^j^a\ CliL^a j^q'l c**^ i t — 1 

(JjjjVllt CllUa^Q AjLlx^a I <J £j£Aa 4 ^-q j JihW •f 2 

4_ij^£JI (dVf)^fcX>\l I ^jc. £j£jLa t ^jAj — 3 

Ajc> 1 u«o\l <aJalAll — 4 j\jc>LqjujVIj 4_na]| L_JJjd Cll| ( )jJaL^o — 4 

c_ijjd]| j ^jinJalill ^jWiU ^LolstJI \\ — A-ij^£JI (dVj)^fcx>\l ; . j — 5 

L_jj|^3l — ^qJjolaII ^jLnll CllVjj CliV^a^ll l Aa^J ,^x>^x> . J — 6 

^£jud^O ^±A Cllljj£La]| (J^*_llj L_al]| l ^Ai^ll ^joUC- — ^j^Ijjjj — V 



1- Stephen L. Herman , Electrical transformers and rotating machines, 3rd Edition, © 2012, 
2006 Delmar, Cengage Learning. 

2- ABB-Transformer Handbook, © 2004 ABB Ltd. 

3- James H. Harlow, Electric power transformer engineering, © 2004 by CRC Press LLC. 

4- John J. Winders, Jr., Power Transformers Principles and Applications, © 2002 by Marcel 
Dekker, Inc. 

5- Martin J. Heathcote, The J & P Transformer Book, 12th edition, © 1998, Reed 
Educational and Professional Publishing Ltd 

6- S.V.Kulkarni, S.A.Khaparde, Transformer Engineering Design and Practice, © 2004 by 
Marcel Dekker, Inc. 

7- William T, Taylor, Transformer Practice, © 1909, 1913, by the McGraw-Hill Book 
Company, Inc. 

8- Anderson, L.R., “Electrical Machines and Transformers”, 1981 . 

9- Harlow, James H. “Transformers”, The Electric Power Engineering Handbook, CRC 
Press LLC, 2001. 

10- Transformer Diagnostics, Hydroelectric Research and Technical Services Group, Volume 
3-31, JUNE 2003. 

11- Transformer Maintenance, Hydroelectric Research and Technical Services Group, 
Volume 3-30, 2000. 

12- Transformers: Basics, Maintenance, and Diagnostics, Hydroelectric Research and 
Technical Services Group, 2005. 
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13- Site Tests Manual Of The Power Transformers, AREVA T&D. 



IEC Standards 



60076-1 

60076-2 

60076-3 

60076-4 

60076-5 

60076-6 

60076-7 

60076-8 

60076-9 

60076-10 

60076-11 

60076-12 

60076-13 

60076-15 



General requirements 
Temperature rise 

Insulation levels, dielectric tests, and external clearances in air 
Guide for lightning impulse and switching impulse testing 
Ability to withstand short circuit 
Reactors (EEC 289) 

Loading guide for oil-immersed power transformer (IEC 354) 
Power transformers — application guide 
Terminal and tapping markings (IEC 616) 

Deter mi nation of transformer reactor sound levels 
Dry-type transformers 
Loading guide for dry-type transformers 
Self-protected liquid-filled transformers 
Gas-filled-type power transformers 



IEC Standards 



60076-1 

60076-2 

60076-3 

60076-4 

60076-5 

60076-6 

60076-7 

60076-8 

60076-9 

60076-10 

60076-11 

60076-12 

60076-13 

60076-15 



General requirements 
Temperature rise 

Insulation levels, dielectric tests, and external clearances in air 
Guide for lightning impulse and switching impulse testing 
Ability to withstand short circuit 
Reactors (IEC 289) 

Loading guide for oil-immersed power transformer (IEC 354) 
Power transformers — application guide 
Terminal and tapping markings (IEC 616) 

Determination of transformer reactor sound levels 
Dry-type transformers 
Loading guide for dry-type transformers 
Self-protected liquid-filled transformers 
Gas-filled-type power transformers 
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jij ^ ^ ^ ^£ £3.3^] I 



6^3 

5 

6 hlM Jl 

6 0 ^ 5^11 j-C- itiojlj 5 Juj 

7 •••••••••••••••••••••••••••••••••••••••••••••••••••••• L-)^^PooJU ^col^Jl jbtuJ^)) Ivilij 

8 0^5^xJj 3jj>l blj^o 

9 ? 3 I (jaa3- 3 1 gijj J^JU ^JL^j Jjb 

9 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• L--olSjtLII (j-C- j<vO 8 J-O 

11 

13 Olb^o 33 HJI Cj^ 5 JPoo ^)Ju?s 2 *J Cj^Hj^o 

13 ? Distribution Transformer _ll 3 Power Transformer (3ji Jjb 

15 5 c&) 8 )i j^o UU- 08 ) 3^11 (3*>jjo isu 

irtptli feUI uLaLritl : JjVl mUI 

17 JuAllI 

17 4mmJ0 ImAaU 4*iLrfl l^ill 1-1 

17 j-oL) 1-1-1 

17 (J j^S jlo J3j^0 (jX- ^-a»llll JLpJU 2-1-1 

19 MMF 4-j-o^^UiJtl ixBljJI 830)1 3-1-1 

19 (jo-di Jl 4sMxil 4-1-1 

20 (jax^lls^l j^-lO J l J3j-t> isoUJtl 5-1-1 
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20 ioj^SJI (jul^JLtl g-o 4 jLxjJI 6-1-1 

21 Induced Voltage <ju^^Liz-U C^Jb (^Jollll Jl^pJI 7-1-1 

22 jj 8 jlpL9 8-1-1 

22 (iitf jiflll JfliJ 4 a£UI ^iLJI 2-1 

23 5 (J^jpJU 4,b> .ail^j DC J^jp- (jbip- 3 I ^9j (jSL^ Jla> 1-2-1 

24 Transformer Action II 2-2-1 

25 ^feal feLfi 4*1 3-1 

25 oJb J^p- OlAJUl c-Q-b bit 1-3-1 

27 ? No-load condition II illp- J^pJU Jl<xxj c-qJ? 2-3-1 

27 ? Backemf iocuSbd I i^sljJI S 3 -SJI 3-3-1 

28 ? ^nii (J JoJlp- Jl<xp- 4slob (jljuJ^II c_Q-U?I j-szJL> cbbS 4-3-1 

29 ? <i-cxp-S 3 ^ojJl C&J 3 PJU Core c_Js Ji^b o^iJI io jb^3 Jla> 5-3-1 

30 ^ | /j | 



32. 

32 

32 

33 

34 

37 

39 

42 

43 

43 

44 

45 

46 



J^l : ^Ul Jriiil 

Jjfcdl Jjfcdl 4441 1-2 

OliJJjl iojliLo : Jj9l ip-^JI 1-1-2 

■ ■■■■■■■■■■■■■■. I ^jiOa 0 II : JIDI I 2-1-2 

. .. dL^^LLsJtl SyljJI JuJsIjlo : c3iliE>-9J dJlill ip-^JI 3-1-2 

<wUJI »jilJI k«Mi 2-2 

£0 JtfUl 4f Per unit^JI *LLmft 4aftl 3-2 

? X % ioaS dSjSZA djatubl La 1-3-2 

jjri 4iftUI jjill mLmA 4-2 

djAjjz J^o^o i^s- cijj^Jjl o^iLII 1-4-2 

-: jdo^ao |jo dj^JsLLsJjl ^jiLII ol>L^ 2-4-2 

a a a ^ I I 6 dJ^/LuA^ I Ll^zl I ^ & Lo 3“4“2 

JlkisAll »LjI da5LolSL4,l i^A^LsUsI ^^ILII oIpoI 4-4-2 
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47 ttjil UM yttjtoil : mIUI Jriill 

47 iiadiUI (iirf^Aflll 4i*£ 1-3 

47 3-0 II G^c** ^Js- (J^yi iojjJoJI 1-1-3 

49 : 3-0 II 0 ^ 3 ^! g-d^olJ iolill iojjloJI 2-1-3 

51 ioMill 093^*41 (jjjSo jjo 3-1-3 

52 Three phase ^1 ^ Windings ^1 Jntf p ^jJa 3-2 

53 3-0 — II G^ 3 ^o ^3 3^2?JLI <Xj$S\sx}\ Gli^lszJI 1-2-3 

54 ioilill GM 30 JI 5 I (J Power Relations SjJloII io5lpJI GlsibJI 2-2-3 

? Three Phase J$sxjs SjJ£ jx- jruszlll (J Volt- Amp _JI ^Ij^JLu^ Amp _JI ^IjipgJ <jro <3ji-ll la 3-2-3 

55 

55 ?kW Jb ^>1 kVA lb SjJi9 (Jjb 4-2-3 

55 £liUI <y Hd 3-3 



y^jji : grfUl yUlJ 



59 



iiUUIj (Jill :glj|| J^aJI 



62- 

62 

63. 

63. 

64 

64 

66 

68 

69 

69- 

71 

73- 



( Core ^1 ) Jill 1-4 

(3 3j I k_» ilo.J I 4x Go 3 s\&u~uaJq I ^ I 3 -I 3 I l- 6 ^<^ 1 - 1 - 4 

Permeability i^UwaJI 1- 1- 1-4 

^lGGI x- 2-1-1-4 

3j4^ I GIm 3-1-1-4 

(Core ^1) jH*i\ *M\ 2-4 

Core Type II 1-2-4 

Shell Type II dJLjjls 2-2-4 

g-oL^alll jro (33 j4-II 3-2-4 

Jl ^lill ^ 3-4 

(^JoJ^JI lGLSJI (jGjl3 1-3-4 

tiiiUlf 4-4 
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74 

74. 

75 

76 

77 

78 

78 

78- 

79 



, CjiL^ 3 -U (J Transposition II 1-4-4 

tiiiLiUI £l$il 5-4 

Helical Winding : J 39 I ^3-41 1-5-4 

Disc Winding : (jlill ^ 31 )! 2-5-4 

Layer Winding : CJIDI ^3^11 3-5-4 

Ban cake Winding : gjI^JI ^3-41 4-5-4 

c_oai glaiLo 5-5-4 

(iirf^All ui <iti4AiM«JI 6-4 

J^pJjl Jjl^ ^Js- C-LjgjJI jrolj 1-6-4 



80 



LimaJI djAiiilj 4lbU jmaJI fljft : gitfUJI Jtfill 



80... 

82... 

82 .. 

83 .. 

83 ... 

85 .. 

87- 

87 .. 

89 .. 

89 .. 

91 ... 

92 .. 

92 .. 

95 .. 

97 .. 

98 .. 

99 .. 
100 



titij yjUfj 1-5 

Tank gljall 2-5 

(jlj3JI oJoli 1-2-5 

: ( CojJI c34s ) Ojioll i>3^->l 2-2-5 

Conservator Tank d«kJ| 3-5 

Bochholz relay 4jjl^l ibls^JI jl^p- 1-3-5 

tiiujjl <yUft h 4-5 

O^dLoJI Cj93p4sI (j Sealing II 1-4-5 

Nitrogen - Positive Pressure II ^|je?CCu>l 2-4-5 

C*jjJI 3-4-5 

( Tap Changer) 5-5 

Jap Changers a^bdl 1 - 5-5 

Tap Changer ji 1^3 2 - 5-5 

Tap Changer II (^ 3 ! 4jjliio 3-5-5 

91 Bushings jNtfyJI yljjf) 6-5 

Skirts II j 3 ^ 1-6-5 

Corona Rings II ^IJlpCCu.1 2-6-5 

Flange II iuubl 3-6-5 

Rod Gap jj^Aill ds>£3 ^IjlpCCuiJ 4-6-5 

295 



http://www.sayedsaad.com/montada/showthread. php?t=71 630 






100 Accessories gnUll mIm« 7-5 

U£JI y¥jaJ gi wliUI fra? : wlUI uUlD 



104 T dife giljti liU 



106 4 mJAI : giidLJI Jrfill 

106 Uflill jy^^j X“6 

107 Polarity )l JoAcCll iJUxsOI ius-aAll 1-1-6 

108 daliiAJI taiUitf I^ aII liJtf J^aJI yljkl j* jii 2-6 

108 IEC II GLL 0 I 3 A (J j-^v-ll 1-2-6 

109 IEEE / ANSI CjIAoIj-o (J j-ooTOI 2-2-6 

110 j^jll ja Polarity ^^1 3-6 

1 12 Vector Group ^^1 Niftiij Phase Displacement ^1 uUft : giLJI JmAIJI 

112 Phase Displacement Jl 1-7 

113 IEC II uu^p- Phase Displacement _)l djbS 1-1-7 

1 14 ^-utjJI jjo Phase Displacement _)l ^llIL^I 2-1-7 

115 Phase Rotation stpol JjAco 3-1-7 

116 tiiikfeaiiJIj tiiliUI f**J 2-7 

117 Delta II ChliXo ^uj d&jjb 1-2-7 

120 tiljlrfl Jatfjii iyjto je iabUtfl 3-7 

128 yt j iilj a« j«UI JtfiJI 

128 Harmonics Jl jjAk yit <Wji 1-8 

131 jjuoJLI jLill 3 J ISLo 1 - 1-8 

133 3 rd Harmonic _)l ^ 3^3 Star II 4 JL 033 jrob 2-1-8 

134 3 rd Harmonic _JI ^ 32^3 ll)j II 4 JL 03 J jrob 3-1-8 
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135 

137 

138 

139 

140 



149 

149 

150 



153. 

154 



154 

155 • 

156 

157 

158 

159 

160 
160 



Zig Zag _JI 4 JL 03 J (J 3 rd Harmonic — 11 ^ 3^3 4-1-8 

137 *Vpal\ gif gAijUl j^y 2-8 

, . ( Ungrounded system ) J 3332 J 5 I ^Italll : ^ 3 ) 1-2-8 
Jbj$U flklll :L31 j 2-2-8 



138 


: Y Y J>tf jJI 3-8 




: Y Y Jl dibjL C>I>aa 1-3-8 




YY Jl dsujs 2-3-8 


142 


zl-Y iki j Lu 4-8 


145 


:A A Jl jii 5-8 


147 


Zig Zag ^^1 iiLaji 6-8 



: Delta - Zigzag 4 JL 03 J 2-6-8 

Delta-Zig Zag II J-U 03 J dibjla 3-6-8 



Z\ J- 03 A 23^ij i < j 7 0^hs>- N JloX' (3 < 332 ^ ^)jj3xLu)l 4-6-8 

wXjtoll JrfMi : $ljll wUI 



giljll mUI hiia 

tfj 1 ^ 1 gif JhAmJ I gniUI Jrttiill 

154 gjljJIgii 1 -9 

^ j I 33 1 (J^-^33 1 JS Lccoo 3 *> *3-^ 1 “ 1 _ 9 

► : jif Jjtfjiill jjMl 2-9 

5 voltage ratio — II O^^oll 03 SJ jl ucpj ISU 1-2-9 

? IjruS Jb^Ptlll OuaJ (jO (3>iJI jlS^ 3 J OJl^o ISLo 2-2-9 

?,jid 3 i>Jtl (J Z% Ojr^3 3 J lilo 3-2-9 

Polarity II Ojry£3 3 J ISLo 4-2-9 

? Phase Sequence II sJiilid 3 J lilo 5-2-9 

. ? jijo ^ 53 Luj Phase Displacement 63^0 jl 6-2-9 
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161 iirf^JI ji kili^iiJI JMlUl Jtfill 

161 : No-Load Loss toy** 1-10 

162 Hysteresis Loss 4s^jw^o jryssJ) 2l^^\jJzX\ 43II2JI 1-1-10 

163 eddy current II c-^-ao ^JljJlpJI odilll (J Loss II 2-1-0 

164 dielectric losses Jysdl (J Ob^ii-U 3-1-10 

165 dielectric loss II oj^It?- 4-1-10 

165 Load loss toy** 2-10 

166 Copper Loss i^b-jJI Ob^io-tl 1-2-10 

166 Copper Loss Sjlj^JI jrol 3 2-2-10 

166 OtayliU <Js- jLdl jrob 3-2-10 

167 SojLDI 0 1 05222 ,! 4-2-10 

167 Leakage Flux OI052ALI 5-2-10 

168 gi tiiiL^iaJI JJiii jjJtf 3-10 

168 Solti j^b 1-3-10 

168 SjJloII (j oiLoll Js- diliS jrob 2-3-10 

169 PF load loss JuIoj 3- 3-10 

172 Jjfcdl git t>yf) Jtf l^f : jmh JtilJI 

173 JjtoJUaii: 1-11 

173 J^&PuJI SelaSUI jtOj 1-1-11 

175 Voltage Regulation *baJ| ^Uiwl : griUI 2-11 

175 Parameters Jl iNJo Regulation Jl ola *£> 1-2-11 

176 VR Iju^l Phasor Diagram II 2-2-11 

177 VR U dk~JJ Sj5^JI 3-2-11 

178 Voltage Regulation II ^09 Voltage Drop II qo 49SlszJI 4-2-11 

179 J^aJI gif ftjdjAll jtfUl : wlUI £$* jJI 3-11 

179 SjijpJi ip-jo i-3-ii 

179 JUs-SlI 0J50 2-3-11 

180 Thermal time constant jrob 3-3-11 
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180 gjj^l oy^pus JUi?-l Cij^i 4-3-11 

182 TL^Lh'I Lj < Harmonics J jAb : gdljll jJI 4-11 

182 ? Non-linear load ^Is^o lo 1-4-11 

1 83 : J^wU Juiz-Aj { Js^ Harmonics JL) dill^JU OIJ5SU5I jrol3 2-4- 1 1 

184 : 0^3^41 (^U Odd Harmonics Jl jrol3 3-4-11 

184 :Even Harmonics II jrol3 4-4- 1 1 

185 ?K- factor lb I U 5-4-11 

186 kirfjJI jj £ JUI tiiiljLi : gufUJI £ftpi I 5-11 

186 jUI lift. uU 1-5-11 

188 jUI lift. c. J5 k^ 2-5-11 

1 89 £lijo9l jLo o u^o jjlalidl JjiOftJI oJLco (3j-^ 3-5-11 

189 Sympasatic Inrush ^jl^lll ^Js- dJLojil 0^3^41 (J £-liJo9l jlJ 4-5-11 

191 J3JI ji (Noise ) f liapal \ : gniUI £y«jJI 6-11 

191 : Core tl jljl&l ^lo^Atl 1-6-11 

191 : OlAJUl ips-Jj c-Lo^oJI 2-6-11 

191 : JjjuJI oj^p-l *bi_9-2jJI 3-6-11 

1 92 : cLo^voll 4J3J2J5I ObjXwil 4-6- 1 1 

194 rated frequency £Jj| Jill js hjU\ y Jl jJ : £UI ^jJI 7-11 

194 ? 50HZ 4Si4> (j o _ Sji jl 60HZ ^Js- J-ojzj J 3P4 j54 Jj& 1-7-11 

195 *JI ti Jl jMrilii : gflnll 8-11 

195 ? JoljLo DC Jl^p- gjo J-ojzj jl j54 Jjb 1-8- 1 1 

195 5 jo9Lp- 3I gilj J3C* jzS d^uij J^psljl ^1 JlPsIujI jSLff JjIj 2-8- 1 1 

196 \j6 (MIaJI £l$iVl JaAMtii: jmi griUI Jtdlil 

196 Auto Transformers Jl 1-12 

197 Two-winding Tr <j^o Auto Tr J3^^o 1-1-12 

199 OljUl jo Olsibdl 2-1-12 

199 o-buJI j >^1 3-1-12 

202 Auto Tr tl G^3 ^o CjUIJl^JlJ 4-1-12 

203 : Auto — tl CAt^pJU Olj-uo^o 5-3-12 

203 : Auto II CAt^JU 6-3-12 
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204., 

205., 

207., 

208., 

210 . 

210 • 
210 • 
211 ., 
211 

213 

214 
215., 

216 

217 

218 
218 



221 • 

222. 
222 • 
222 • 
223 

223 

224 
224 

225., 

226 



Grounding Transformers Jl 2-12 

Phase Shifting ^1 3-12 

Converter T ransformers ^1 4-12 

Dry Type Transformers iiiUJI 5-12 

tarf^ftflll gj taji II : jmC Miy I Jidlll 

LfettLitaj ijljtaJI jiLtatfl-13 

Coolant djtfll kmjll 2-13 

tiitajll \j) ij^fliAll ji tajaJI ttajJdita jtflilf 3-13 

C%=4I Coj 1-3-13 

0^*4 1 (J Radiator J I 2-3-13 

4slol 3-3-13 

Cooling Classes mjmJI mUji 4-13 

216 Classes Jl gtfU ^iLu 5-13 

(Class OA) ONAN j JojuJI 1-5-13 

(Class OA/FA ) ONAF ii> Jo 2-5-13 

FOA 3 1 OFAF dl>Js 3-5-13 

oJlsjaIjI Jjjcdl 4-5-13 



&La1Ij «■ jImA :gnfLM yUl 

yatiiyi mUI i*m 

iiirf^Atill tail I J Lift l_: Jtatf £iljJI Jtdill 

mImI^aJI jAtai 1-14 

tailjUtfl ^Ijij 2-14 

Design tests OljLic4 1-2-14 

Production Tests ^ll&ll CjIjLa^-I 2-2-14 

Routine TestsicLo 3 jJ I C>ljLej-^)l 3-2-14 

Sequence of Tests OljLei-^l sl^-j c-^-op 4-2-14 

Dielectric Tests JjiJL <£1^*11 mIjUaKI 3-14 

^Degradation Jl 3 I J)sJI o^^ailkl b 1-3-14 
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226 degradation JjsJI ^olH3 oL»l 2-3-14 

227 Insulation Resistance Test (IR): J$Vl Jj»JI jUaI 4-14 

228 jLie^ll Ol^ 1-4-14 

228 io/ULtl iojliLtl io^s ^Js- ClujJI ^ 3^3 jiol3 2-4-14 

229 ^LiliUI ie^LLU io-t3 jroti 3-4-14 

229 Polarization Indexiuiai j^jJl jrob 4-4-14 

229 Dissipation factor j Dioloctric loss angle :^yi JjaJI jUftl 5-14 

231 PD (jxtLiiJJ ioj-^SvJI iojjJoJI 1-6-14 

232 PD j^LiUJ io^^oll iajjloJI 2-6-14 

233 CojJb g-JLU (3j3^l Jj-£ S 33 (J jLlp^ll ^|jeBcLa>l 3-6-14 

234 4iLaa1I i^Aii JjWI Jam yljUiil : tAljLni'tfl J* 4 a U l df^AMlI 7-14 

234 Applied Test, ^Udl A^pdl jLi34 1-7-14 

235 Induced Voltage II jLli4 2-7-14 

235 Impulse Voltage Jl jLli-l 3-7-14 

240 JjaaII tiiuj yljUiftl : yui 4 c^aaJI 8-14 

240 4JLc5dl JuB-l iojjlp 1-8-14 

240 C-ojJI iJjU- jLa^I OlbLi^l 2-8- 14 

241 Oil Dielectric Strength Test C 03 JI iJjlc- jLli4 3-8-14 

242 Dissolved Gas Analysis CojJI J-Jbo 4-8-14 

244 goliitl ju-clAi! ioLsdl ^ 3 jio)l 5-8-14 

245 Roger’s Method ^5lldl ju^uixl j y?3J 6-8-14 

246 C-ojJb djuouj ^Lb 7-8-14 

247 0 ^ 32^1 C-oj 3 8-8-14 

247 43 UL 0 I 3-09 CojJI OljLl34 Ju^I^-q 9-8-14 

248 Infra-Red II jLli4 10-8-14 

249 J^toll Parameters ^1 ^LL«m 4tfUI yljL*YI : tiuljll 9-14 

249 Transformer Turns Ratio, TTR jLli4 1-9-14 

250 Polarity test <LJaiUI jLli4 2-9-14 

251 OlAJUJL) DC Resistance ^Lb jLli4 3-9-14 

253 ( No Load Losses ) Open Circuit Test jLli4 4-9-14 

256 Short circuit Test II jLli4 5-9-14 
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259 Load TestjLxid 6-9-14 

259 Back to Back Test Jl jLl3d 7-9- 14 

260 Vector Group II Jodso jLlid 8-9-14 

263 tiirf^iAll <UL 6 : jtid gtflftJI Jriflill 

263 4»jUJI Mktfjaill ^fi’l 1-15 

264 Tank_jl jas*9 1-1-15 

264 : J^^JU *1 iiP 2-1-15 

264 : j^LcJLI jlj3JI qcxxS 3-1-15 

264 Winding Temperature Indicator II ^ps^B 4-1-15 

265 Gl j^>3^ ^3 ijjlilo 5- 1-15 

265 Conservator _) I GojJI ^$1 ^uo jCoy* ^psxB 6-1-15 

266 Pressure Relief Device _!l ^p&B 7-1-15 

267 Sudden Pressure Relay II 8-1-15 

267 4^jU>JI JojCiJI io^lxLo gLo^^s 2-15 

267 : Radiator II px&S 1-2-15 

268 Oil Flow Indicator G05JI jLjj^ j&y* jar* 9 2-2-15 

268 £ 3 \ jjJUl o^i 3-2-15 

268 GjJI u j^a3 ilSLGs 4-2-15 

270 JJai3-15 

270 J$p&JU 'c*j\pr ^U3jl J5 Lxuo 1-3-15 

271 Oil Troubles J3£*JJ Coj J5 LLo 2-3-15 

272 Electrical Troubles ioj^SOl JSLUJ 3-3-15 

273 ^Jjj^ll e-JLiUI JLLcI 4-3-15 

274 : ^ \pr 1 J5LGa 5-3-15 
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^ ^ j £^.3-0] I 



yyi^ikD 

276 J^aJ iiiliL iflji : JjVl ^aUl 

276 CjLo^JLs^o M 3 I 

277 Ju^iaiJ Olo^JLs^o LoIj 

278 ?KW Jb ^ KVA )b SjJS OJ^-3 Jj 2 > 

283 tjjjJ&Ull : jriUI (jaUI 

283 4jl**JI (J oap -13 (5^50 (^xJI iiluaJI JUxI 

283 0 I 3 I u> 10 JS &J 1 P-I 3 8 jjo bS>^ (j^JI ^LooJI 

285 ^Ul ^yi 

285 i <^Lod3JI ^ ^3^11 ^03 oU^LlX^-^11 

286 9 bjAill yl^wi git gUtfl tf I 41 : giljll ^aUl 

286 -: 3 I dLtS (J Jl^sJI J 2 lp (^LloJI j^tl OUlj^l 

286 JlojsJI ^duJI (JLa- 9 ^LoJl 3 ^ 0 ^! 1 OUI y^\ 1 

287 j^_^j ) ^ 3^3 (j - -0 

288 g -^3 

288 g^j 3 g -^3 

292 yijAill 
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